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OPERATIONAL ABORT PLAN FOR THE APOLLO 9 MISSION 

. 
C 

VOLUME I - LAUNCH PHASE 

By Edward M. Henderson 

1.0 SUMMARY 

A continuous method of re turning the  f l i g h t  crew sa fe ly  t o  ea r th  
f o r  t h e  Apollo 9 mission - w i t h  or without ground control  he lp  - has 
been defined. This volume contains t h e  r a t iona le  and supporting d a t a  
f o r  t h e  launch phase. Volume I1 w i l l  contain t h e  abort  da ta  f o r  t h e  
o r b i t  phase. These abort  s tud ies  were conducted f o r  t h e  command and 
serv ice  modules (CSM) - 104 spacecraft  and t h e  AS-504 launch vehicle .  
The abort  t r a j ec to ry  da t a  presented provides information on abort  
monitoring, abort  maneuver requirements, and abort  r e s u l t s .  

2.0 INTRODUCTION 

The abort  s tud ies  contained i n  t h i s  document were conducted f o r  t h e  
CSM-104 Apollo spacecraf t  (SC) and AS-504 Saturn V launch vehic le  (LV) .  
Spec i f ic  t r a j e c t o r y  da ta  resu l t ing  from a launch escape vehic le  abor t ,  
mode I ,  a r e  not presented because of a change i n  launch padsl(39B t o  39A) 
s ince  t h e  publ icat ion of t h e  operational launch t r a j ec to ry  ( r e f .  1). 
The launch pad coordinates have a negl ig ib le  e f f e c t  on'subseauent abort 
modes, and t h e  da ta  presented w i l l  be very representat ive f o r  t h e  Apollo 9 
mission. Representative mode I data can be obtained d i r e c t l y  from 
reference  2. 

The da ta  presented i s  primarily an  update t o  previous s tud ies  based I 

on  spec i f i c  Apollo 9 cha rac t e r i s t i c s .  The basic  launch abort  philosophy 
and abort  mode de f in i t i ons  a re  e s sen t i a l ly  unchanged.from t h e  previous 
Apollo missions. 
obtained d i r e c t l y  from reference 3. 
are presented i n  reference 4 .  

General information, along with dispers ion t rends ,  can be 
The current  launch abort  techniques 

The SC t r a j ec to ry  data  shown i n  t h i s  document were based on 
computer simulations of t he  recommended abort  procedures. These s tudies  
w e r e  conducted by TRW Systems Group, Houston Gperations, under 
MSC/TRW Task A-162 ( r e f .  5 ) .  
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The launch abort  capabi l i ty  i s  best i l l u s t r a t e d  by f i g u r e  1, which 
ind ica tes  t h e  p r i m a r y  and backup abort  methods f o r  t h e  nominal launch 
t imel ine.  The LV and SC abort  event t imes a r e  presented on table I 
f o r  t h e  nominal launch p ro f i l e .  

This document presents  information t h a t  could be used by ground 
con t ro l l e r s  and t h e  crew t o  provide safe abort  capab i l i t y  i n  t h e  event 
of a contingency during t h e  launch phase. Volume I1 w i l l  contain t h e  
abort  da ta  f o r  t h e  o r b i t  phase. 

3.0 INPUT DATA 

Per t inent  SC constants and performance c h a r a c t e r i s t i c s  f o r  CSM-104 
were obtained from references 6 and 7. The SC constants  are summarizzd 
i n  t a b l e  11, and t h e  SC aerodynamics f o r  launch abor t s  are shown i n  table  111. 
t a b l e  111. The i n i t i a l  s ta te  vectors  used f o r  abort  i n i t i a t i o n  were 
based on t h e  AS-504 operat ional  launch t r a j e c t o r y  ( r e f .  1). 
these  s tud ie s  a re  based on a launch from pad 39B. Since t h e  generation 
of these  s tud ies ,  t he  launch pad has changed t o  39A. This change has 
a negl ig ib le  e f fec t  on t h e  enclosed t r a j e c t o r y  da ta .  

Note 

The multi-vehicle N s tage  (MVNS) computer program, reference 8 ,  
w a s  used t o  simulate t h e  abort  t r a j e c t o r i e s  s tudied.  The i n e r t i a l  
measurement uni t  (IN) reference system used i n  t h i s  r epor t  t o  def ine  
t h e  a t t i t u d e  angles i s  a right-handed orthogonal coordinate system 
centered a t  the  launch s i t e .  The pos i t i ve  X-axis extends down range 
along t h e  f l i g h t  azimuth (72') and l i e s  i n  t h e  hor izonta l  plane.  
pos i t i ve  Z-axis i s  d i rec ted  downward along t h e  astronomical v e r t i c a l  
a t  l i f t - o f f .  The pos i t i ve  Y-axis completes t h e  right-handed system. 

The 

4.0 LAUNCH TRAJECTORY MONITORING - 

4 . 1  Ground Monitoring z 

The ground Mission Control Center i n  Houston (MCC-H) f l i g h t  
con t ro l l e r s  have t h e  prime r e spons ib i l i t y  of monitoring t h e  t r a j e c t o r y  
during t h e  launch phase. 
t r a j e c t o r y  l i m i t  v io l a t ions ,  abort  mode dec is ions ,  and GO - NO-GO o r b i t  
i n se r t ion  s t a t u s .  
d isplays used by t h e  ground con t ro l l e r s .  These cons i s t  of t h e  launch 
d i g i t a l s  and project ion p l o t t e r s  displayed on cathode r ay  tubes 
(TV) and analog plotboards.  
computer computations based on t h e  ac tua l  f l i g h t  d a t a  received 

The ground i s  prime f o r  determining abor t  

The f l i g h t  dynamics d isp lays  are t h e  t r a j e c t o r y  monitoring 

The d isp lays  are dr iven  by real-time 
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from t h e  Manned Space Fl ight  Network (MSFN). 
displays cur ren t ly  being used i n  Apollo 9 simulation are presented 
i n  reference 9 .  

The Fl ight  Dynamics 

The launch abort  t r a j ec to ry  limits are summarized on f igu re  2. 
These l i m i t s  include a s t ruc tu ra l  breakup l i m i t ,  16g l i m i t ,  a 100-second 
f r e e - f a l l  time (t ) l i m i t ,  and an e x i t  heating l i m i t  ( s t i l l  under 

a r b i t r a t i o n ) .  
out  or low th rus t  t r a j e c t o r i e s .  These l i m i t s  def ine  a launch corr idor  
t h a t  i s  acceptable f o r  sa fe  SC abort capabi l i ty .  I n  addi t ion  t o  t h e  
l i m i t s  and t h e  nominal t r a j ec to ry ,  t h e  S-IVB ea r ly  s taging and serv ice  
propulsion system (SPS) contingency o r b i t a l  i n se r t ion  ( C O I )  capabi l i ty  
l i n e s  a r e  shown. The l a t t e r  two l i n e s  def ine,  respect ively,  when t h e  
S-I1 has progressed su f f i c i en t ly  f o r  t h e  S-I'JB t o  d i r e c t  s tage  i n t o  a 
parking o r b i t  (100 n. m i . ,  c i r c u l a r )  and when t h e  S-IVB has progressed 
enough f o r  t h e  SPS (mode I V )  t o  i n s e r t  t h e  SC i n  a contingency o r b i t  
(hp > 75 n. m i . ) .  

f f  
Note t h a t  t he  exit  heating l i m i t  i s  inva l id  f o r  engine 

Comparing t h e  C O I  capabi l i ty  with t h e  suborb i ta l  capab i l i t y  f o r  
t h e  near-insertion region, t h e  abort mode overlays can be determined. 
This is  shown on f igu re  3 and, as can be seen, t h e  mode I V  C O I  c apab i l i t y  
overlaps t h e  end of mode I1 and a l l  of mode I11 along t h e  nominal 
t r a j ec to ry .  ' Also shown a r e  t h e  dispersed S-IVB cutoff conditions t h a t  
would require  an apogee kick or a mode I11 maneuver. 
perigee a l t i t u d e  l i n e  i s  shown t o  ind ica te  when t h e  S-IVB has achieved 
a GO o rb i t  and a 8.5-second l i n e  ind ica tes  an S-IVB overspeed condition. 
Note t h a t  mode I11 capabi l i ty  i s  l i m i t e d  by 100-seconds tff and 16g 

cons t ra in ts .  Therefore , mode I11 burns i n i t i a t e d  beyond these  cons t ra in ts  
would require  l i f t  modulation t o  avoid a land landing or t o  reduce g. 
Increased inser t ion  ranges would fu r the r  r e s t r i c t  t h e  mode I11 capabi l i ty .  

The 75-n. m i .  

The t r a j ec to ry  l i n e s  shown on f igures  2 and 3 a r e  analogous t o  t h e  
plotboard information being displayed t o  t h e  f l i g h t  cont ro l le rs  i n  real 
t i m e .  
w i l l  a i d  t h e  f l i g h t  cont ro l le rs  i n  determining the  t r a j e c t o r y  s t a tus  
during launch and t o  determine the appropriate abort  mode, i f  necessary. 
The S-IVB ear ly  staging and t h e  SPS C O I  c a p a b i l i t i e s  depend on current  
a l t i t u d e .  
required t o  determine these capab i l i t i e s  f o r  off-nominal a l t i t u d e  
h i s t o r i e s .  
s t a t u s  by voice communications and request abort ac t ion  by both voice 
and t h e  abort  l i g h t  upon abort  confirmation. 

Comparing the  ac tua l  launch t r a c e  with t h i s  t r a j e c t o r y  i n f o r m t i o n  

Therefore, console p lo ts ,  such as f igu res  4 and 5, w i l l  be 

The ground w i l l  keep t h e  crew informed on t h e  t r a j e c t o r y  
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4.2 Onboard Monitoring 

During launch, t h e  crew has command module computer (CMC) program 
P-11 and i ts  corresponding DSKY disp lays ,  and t h e  f l i g h t  d i r e c t o r  
a t t i t u d e  ind ica tor  (FDAI) displays t o  f a c i l i t a t e  t r a j e c t o r y  monitoring. 
P-11 i s  automatically i n i t i a t e d  upon l i f t - o f f  (or  manually by V75E) 
and i s  ava i lab le  u n t i l  t h e  ground o r  crew commands program 00. 
t h e  ground w i l l  inform t h e  crew of t h e i r  t r a j e c t o r y  s t a t u s .  However, 
i f  voice communications were l o s t  during t h e  launch, t h e  crew would 
have t o  depend on P-11 displays f o r  t h i s  information. Table I V  shows 
t h e  values of the  DSKY parameters f o r  a nominal launch, which were 
computed with the  COLOSSUS guidance equations (ref.  1 0 )  f o r  Apollo 9. 
The nominal FDAI a t t i t u d e s  during t h e  launch are shown on figure 10 .  
The DSKY displays a re  updated every 2 seconds and displayed t o  t h e  
crew. 
computer would be commanded t o  program 00, and these  DSKY disp lays  
would no longer be ava i lab le .  

Normally 

Any time t h e  ground should r u l e  t h e  SC guidance NO-GO, t h e  

I n  conjunction with t h e  DSKY disp lays  assoc ia ted  with P-11 ( f i g .  61, 
an onboard chart ( f i g .  7 )  i s  proposed f o r  use i n  t h e  event of voice 
communications loss during t h e  launch. The bas ic  DSKY disp lays  cor 
launch monitoring a r e  the  i n e r t i a l  ve loc i ty ,  Vi,  a l t i t u d e  r a t e ,  h ,  

and a l t i t u d e ,  h ,  parameters. Therefore, t hese  are t h e  parameters used 
t o  govern t h e  char t .  The char t  with t h e  DSKY i s  t o  be used t o  he lp  
determine when and what abort  ac t ion  i s  necessary. These functions 
would normally be conducted by t h e  ground when voice communications 
e x i s t .  Once the abort decision has been made, t h e  crew would use t h e  
DSKY parameters t o  monitor t h e  abort  burn. The mode I11 and I V  SPS 
burn i g n i t i o n  times a r e  f o r  125 seconds after S-IVB c u t o f f ;  o ther  
i gn i t i on  times would be incompatible with t h e  C O I  c a p a b i l i t y  shown on 
t h e  onboard chart and with burn v e r i f i c a t i o n  runs made by t h e  ground. 
If tff becomes equal t o  100 seconds and i s  decreasing during a burn, 

t h e  burn must be terminated and immediate en t ry  preparation i n i t i a t e d .  
Caution should be employed during t h e  mode I V  burn. If anytime during 
t h e  burn perigee a l t i t u d e  starts decreasing, t h e  burn should be 
terminated; and i f  terminated with h < 75 n. m i . ,  a mode I11 abor t  

should be i n i t i a t e d  when i - < 0 or  ha < 75 n. m i . ,  and an apogee kick 

should be i n i t i a t e d  when i > 0. 

P 

The onboard chart  i s  divided i n t o  two p a r t s  and p lo t t ed  on one 
char t  fo r  operational ease. The f irst  p a r t ,  shown on figure 7 ,  shows 
t h e  nominal a l t i t u d e  r a t e  versus ve loc i ty  t r a c e  and t h e  cur ren t  abor t  
t r a j e c t o r y  l i m i t s .  Should t h e  a c t u a l  f l i g h t  t r a c e  v i o l a t e  t h e  booster 
breakup l i n e ,  t h e  e x i t  heating l i m i t ,  o r  t h e  maximum en t ry  load  l i m i t  
l i n e  (16g),  an abort  i s  required.  
i nva l id  f o r  engines out o r  low t h r u s t  t r a j e c t o r i e s .  

Note t h e  e x i t  heating l i m i t  i s  
If the t r a c e  
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approaches t h e  t 

ac t ion  taken when t 
even i f  voice communications were l o s t ,  t h e  ground might s t i l l  be 
ab le  t o  command abort ac t ion  by using the  abort  l i g h t .  Because of 
t h e  s e n s i t i v i t y  of t h e  16g l i m i t  l i n e  t o  a l t i t u d e ,  t h i s  l i m i t  i s  shown 
f o r  s eve ra l  d i f f e r e n t  a l t i t u d e s ,  and t h e  cur ren t  a l t i t u d e  displayed 
on t h e  DSKY would govern which abort  l i m i t  t o  use. 

l i m i t  l i n e ,  ~ 8 2 ~  and N50E should be c a l l e d  and abort  

f f  

f f  
equals 100 seconds and i s  decreasing. Note t h a t  

The second p a r t ,  shown on f i g u r e  7 ,  shows t h e  nominal a l t i t u d e  
rate versus ve loc i ty  t r a c e  for  approximately t h e  last 2 minutes of 
t h e  launch. This cha r t  expands t h e  region where abort  capab i l i t y  starts 
varying rap id ly .  The primary use of t h i s  char t  i s  t o  show f o r  what 
S-IVB cutoff conditions C O I  c apab i l i t y  e x i s t s .  
boundary i s  defined for di f fe ren t  a l t i t u d e s .  Since t h e  a l t i t u d e  i s  
f a i r l y  s t a t i c  near i n se r t ion ,  t h e  crew could choose t h e  appropriate 
C O I  boundary and determine when t h e  S-IVB t r a c e  crosses i n t o  t h e  C O I  
Capabili ty region. Note if the  S-IVB cutoff point i s  outs ide  t h e  
appropriate ntode I V  evelope and beyond t h e  2 minutes 5 seconds t o  
apogee l i n e ,  then it is  recommended t h a t  t h e  C O I  maneuver be postponed 
u n t i l  apogee (apogee k i ck ) .  
determined d i r e c t l y  from t h e  DSKY. Once tower j e t t i s o n  has occurred, 

mode I1 capab i l i t y  extends u n t i l  ARa becomes g rea t e r  t han  -400 n. m i . ,  
which corresponds t o  a f u l l - l i f t  landing a t  3200 n. m i .  S-IVB cutoff 
conditions r e s u l t i n g  i n  a AR of between -400 and 0 n. m i .  when a 
suborb i ta l  abort i s  required ind ica te  a no-burn, h a l f - l i f t  en t ry  abort  
procedure; f o r  AR > 0, a mode I11 burn i s  required.  A GO o r b i t  i s  
achieved when perigee a l t i t u d e  i s  g rea t e r  than  or equal t o  75 n. m i .  

Therefore, t h e  C O I  

The other abort  c a p a b i l i t i e s  can be 

Note whenever t h e  tff i s  59 minutes 59 seconds, t h e  AR computation 

i s  inva l id .  
than 300 000 f t .  
w i l l  become v a l i d  when t h e  burn has progressed enough t o  decrease 
perigee a l t i t u d e  below 300 000 f t  . 

This i s  true once t h e  perigee a l t i t u d e  becomes g rea t e r  
If a mode 111 burn i s  required i n  t h i s  reg ion ,  AR 

5.0 DISCUSSION OF LAUNCH ABORT TRAJECTORY DATA 

5.1 General Trajectory Data 

The ascent p r o f i l e  i s  governed by t h e  launch t r a j e c t o r y  as defined 
i n  reference 1. 
i n  table I. 

A l i s t  of t h e  key events during launch i s  presented 
The spacecraft  abort data lises t h i s  t r a j e c t o r y  as a basis 

a A R ,  or SPLERROR, is  t h e  d i f fe rence  between t h e  onboard predicted 
landing poin t  and t h e  mode 111 t a r g e t  po in t .  
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f o r  i n i t i a l  abort conditions and a monitoring guide. The spacecraft  
abort  capabi l i ty  i s  primarily a function of t h e  i n e r t i a l  ve loc i ty ,  
i n e r t i a l  f l ight-path angle, a l t i t u d e ,  and down-range d is tance .  These 
c r i t i c a l  parameters a r e  shown on f igu res  8 and 9 f o r  t h e  nominal launch 
t imeline.  The spacecraft  IMU gimbal angles a r e  presented on 
f i g u r e  1 0  f o r  t h e  nominal launch. 
a t t i t u d e s  during launch and t o  e s t a b l i s h  i n i t i a l  SC o r i en ta t ions  f o r  
abort  conditions. Note t h a t  a tumbling abort  could result i n  any 
a t t i t u d e  at abort i n i t i a t i o n  and would r equ i r e  a manual cor rec t ion ,  
but t h i s  addi t iona l  sequence w i l l  have a negl ig ib le  e f f e c t  on da ta  
presented i n  t h i s  document. 

These a r e  used t o  monitor t h e  

I f  i n i t i a l  abor t  conditions can be related t o  t h e  ve loc i ty ,  
f l igh t -pa th  angle, a l t i t u d e ,  and down range d is tance ,  then t h e  r e s u l t i n g  
SC abort  t r a j e c t o r y  data i s  r ep resen ta t ive  from mission t o  mission. 
This i s  because of t h e  s i m i l a r i t i e s  inherent i n  t h e  Apollo SC design. 
Therefore, p lo t s  such as those shown on f igu res  8 and 9 can be used 
t o  c o r r e l a t e  data from other  launch abort  s tud ie s  t o  t h i s  mission by 
ad jus t ing  t h e  times t o  t h e  s t a t e  conditions.  

5.2 Suborbital  Aborts 

Suborbital  abor t s  a r e  defined as abor t s  t h a t  occur i n  t h e  launch 
phase p r i o r  t o  C O I  c apab i l i t y ,  where en t ry  i s  eminent, o r  abor t s  which 
occur near i n se r t ion  t h a t  r equ i r e  immediate r e t u r n  t o  t h e  ea r th .  These 
suborb i ta l  abor t s  a r e  subdivided i n t o  t h r e e  abort  modes: 

1. Mode I aborts which r equ i r e  use of t h e  launch escape tower 
(LET) t o  perform a sa fe  abor t .  

2. Mode I1 abor t s  which r equ i r e  separation from t h e  LV and a 
f u l l - l i f t  entry. 

3. Mode I11 abor ts  which requi re  separa t ion  from t h e  LV and then  
a maneuver t o  avoid land landing. 

The p o s s i b i l i t y  of mode I abor t s  from t h e  Saturn V vehic le  e x i s t s  
from t h e  time t h e  launch escape vehic le  (LEV) i s  armed u n t i l  nominal 
tower j e t t i s o n  at approximately 3 minutes 16 seconds ground elapsed 
t i m e  (g.e. t .1.  The LEV i s  designed t o  acce le ra t e  t h e  CM and t h e  
crew away from t h e  LV t o  a safe separation d i s t ance  and far enough 
down range from the  launch pad f o r  a safe water landing. Mode I 
abor t s  a r e  divided i n t o  th ree  ca tegor ies :  mode I A  ( l o w  a l t i t u d e ) ,  
mode I B  (medium a l t i t u d e )  , and mode I C  (high a l t i t u d e ) .  

Since the generation of t h e  LV opera t iona l  t r a j e c t o r y  ( ref .  1) 
t he  launch pad has been changed from 39B t o  39A. 
s e n s i t i v i t y  of mode I t r a j e c t o r y  data t o  t h e  pad loca t ion ,  no mode I 

Because of t h e  

c 
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t r a j e c t o r y  data  i s  presented for t h i s  LV t r a j ec to ry .  However, t h e  
data presented f o r  Apollo 8 i n  reference 2 i s  considered t o  be very 
representa t ive  of t h e  Apollo 9 mode I t r a j e c t o r y  cha rac t e r i s t i c s  and 
can be used u n t i l  t h e  LV t r a j ec to ry  i s  revised f o r  t h e  new pad locat ion.  

d 

I;  

Mode I11 abort  capabi l i ty  begins a t  t h e  end of mode I1 when t h e  
ful l - l i f t  landing range ( R .  ) exceeds 3200 n. m i .  (571 seconds g.e. t .  ) . 
Since mode I11 e n t r i e s  a r e  h a l f - l i f t  (RL55) and t h e  SPS re t rograde 
burn i s  only required t o  achieve a landing range of 3350 n. m i . ,  t he re  
exists a period (between 571 and 594 seconds g . e . t . )  which requi res  
no-burn and landings would be west of 3350-n. m i .  landing t a r g e t  
(ADRA). 

IP 

Should t h e  mode I11 burn v i o l a t e  tff (100 seconds) or  g (16) 

The mode I1 abort  procedures are designed f o r  contingencies 
occurring from LET j e t t i s o n  (196 seconds g.e. t .1 u n t i l  a safe o r b i t  
can be achieved with t h e  SPS (562 seconds g.e . t .1  or u n t i l  t h e  r e su l t i ng  
landings threa ten  t h e  west coast of Africa (R Because 

these  aborts  can r e s u l t  i n  high en t ry  loads (g)  and/or time c r i t i c a l  
e n t r i e s ,  no range control  maneuvers are considered. A f u l l - l i f t  entry 
i s  used t o  minimize g ,  and a simple separat ion technique i s  establ ished 
f o r  rapid entry or ien ta t ion .  The mode I1 sequence requi res  a t  l e a s t  
a 100-second tff from S-IVB cutoff t o  300 000-ft a l t i t u d e  fo r  o r i en ta t ion  

t o  proper atmospheric capture a t t i t u d e  (blunt  end forward). 

= 3200 n. m i .  ) . 
i P  

A l i s t  of t h e  per t inent  t r a j ec to ry  parameters f o r  mode I1 aborts  
from the  nominal launch t r a j ec to ry  a r e  presented i n  table V. The 
r e su l t i ng  tff,  g,  and landing range following a mode I1 abort  are 

p lo t ted  on figure 11. The SC IMU p i t c h  gimbal angle corresponding t o  
t h e  proper CM entry or ien ta t ion  a t t i t u d e  i s  presented i n  figure 12. 
A more de t a i l ed  analysis  of the mode I1 abor t s  for t h e  Saturn V 
launches i s  presented i n  reference 3. 

The mode I11 abort  procedures a r e  required f o r  contingencies 
occurring beyond mode I1 (R 
be achieved or  when SC systems malfunctions d i c t a t e  immediate landings. 
The f irst  mode I11 requirement is unl ikely because of t h e  l a rge  C O I  
region and S-IVB cutoff conditions would have t o  be g rea t ly  dispersed 
from t h e  nominal launch t r a j ec to ry  ( f i g .  3 ) .  
because i f  such a malfunction had occurred during launch, t h e  abort  
would more probably be i n i t i a t e d  p r io r  t o  enter ing mode 111, and 
f a i l u r e s  occurring a f t e r  entering mode I11 would be almost impossible 
t o  confirm i n  su f f i c i en t  time t o  recommend a mode I11 abort .  
failures would have t o  be such t h a t  landing must occur i n  l e s s  
than about 30 minutes versus about 2 hours f o r  landing i n  Area 2-1. 
These types or" system f a i l u r e s  a re  cur ren t ly  undefined. 

3200 n. m i .  ) when a safe  o rb i t  cannot 
i P  

The second i s  unl ikely 

System 

r during t h e  bnn, t he  biirn must be terminated and the  appropriate l i f t  
p r o f i l e  flown t o  avoid land and/or reduce g. 
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A l i s t  of t h e  per t inent  t r a j e c t o r y  parameters f o r  mode I11 abor ts  
from t h e  nominal launch t r a j e c t o r y  i s  presented on t a b l e  V I .  
SC IMU p i t c h  gimbal angle corresponding t o  t h e  horizon monitor 
(31.7' window s r i b e  mark) re t rograde  SPS burn a t t i t u d e  i s  presented 
on f i g u r e  13  f o r  mode I11 abor t s  from t h e  nominal t r a j e c t o r y .  
required AV and t h e  r e s u l t i n g  tff and g f o r  t h e  mode I11 abor t s  a r e  

p lo t t ed  on f igure  1 4 .  
at t h e  Atlantic Discrete Recovery Area (ADRA) a r e  shown on f i g u r e  1 5  
f o r  deviations from t h e  nominal f l igh t -pa th  angle.  Note from t h i s  
f i gu re  t h a t  t he  mode I11 region i s  bounded by t h e  end of mode 11, 
16g en t ry  load l i m i t ,  and t h e  100-second tff l i m i t .  

gimbal angle corresponding t o  t h e  proper CM en t ry  o r i en ta t ion  a t t i t u d e  
at 0.05g i s  presented on f i g u r e  16. 
and t r a j e c t o r y  da t a  can be obtained from reference  3. 

The 

The 

The mode I11 AV requirements t o  achieve landings 

The SC IMU p i t c h  

Additional mode I11 abort  d e f i n i t i o n  

5.3 Contingency Orbit I n s e r t  ion 

The C O I  procedure i s  se lec ted  f o r  contingencies once t h e  SPS can 
> 75 n. m i . )  and deorb i t  from any i n s e r t  t h e  SC i n t o  a s a f e  o r b i t  ( h  

place i n  t h e  r e s u l t i n g  o r b i t .  
regions: 
and ( 2 )  apogee kick which requi res  delaying t h e  SPS burn u n t i l  apogee 
i s  achieved. C O I  i s  t h e  prime se l ec t ion  whenever t h e  capab i l i t y  e x i s t s  
because it i s  t h e  s a f e s t  and has p o t e n t i a l  a l t e r n a t e  mission capab i l i t y .  
It allows the ground and crew ample time i n  ea r th  o r b i t  t o  determine 
t h e  SC's t r a j ec to ry  s t a t e  and system's s t a t u s ,  and t h e  ground can 
compute a precise deorb i t  maneuver f o r  a planned landing area. 

P 
This capab i l i t y  i s  divided i n t o  two 

(1) mode I V  which requi res  an SPS burn as soon as p r a c t i c a l ,  

The i n i t i a l  mode I V  capab i l i t y  i s  not dependent upon t h e  amount 
of SPS propellant loaded f o r  t h i s  mission, but i s  based on t h e  SPS 
performance with t h e  f ixed  burn a t t i t u d e  t o  achieve o r b i t a l  ve loc i ty  
p r i o r  t o  premature entry.  I n  addi t ion ,  t h i s  c a p a b i l i t y  i s  extremely 
s e n s i t i v e  t o  p i t ch  e r ro r s  during t h e  maneuver. Therefore, t h e  capab i l i t y  
i s  defined for a ?2' p i t c h  e r r o r  b i a s  during t h e  burn. 

Mode I V  C O I  c apab i l i t y  begins a t  562 seconds g . e . t .  and ends once 
t h e  S-IVB has achieved a s a f e  perigee,  648 seconds g. e .t . , or about 
1 second prior t o  t he  nominal S-IVB cutoff s igna l .  A l i s t  of t h e  
per t inent  t r a j ec to ry  parameters f o r  mode I V  maneuvers performed from 
t h e  nominal t r a j ec to ry  are presented on t a b l e  V I I .  The SC IMU p i t c h  
gimbal angle corresponding t o  SPS i g n i t i o n  (125 seconds after abor t )  
using horizon monitor (31.7' window s c r i b e  mark) f o r  t h e  mode I V  i s  
shown on figure 17 fo r  burns i n i t i a t e d  f o r  S-IVB shutdowns along t h e  
nominal t r a j ec to ry .  
a h = 75 n. m i .  This AV w i l l  be padded approximately 100 f p s  p r i o r  

The ground-computed AV i s  t h a t  requi red  t o  achieve 

P 
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' r !  

This document plus previous Saturn V launch abort  s tud ies  demon- 
s t r a t e  t h a t  ansadequate abort  plan exis ts  f o r  t h e  launch phase of 
t h e  Apollo 9 mission. I n  addi t ion,  it presents information t h a t  could 
be used by ground con t ro l l e r s  and t h e  crew t o  provide sa fe  abort  
capabi l i ty .  
Apollo 9 cha rac t e r i s t i c s .  The basic launch abort  philosophy and abort  
mode def in i t ions  a r e  essent ia l ly  unchanged from t h e  previous Apollo 
missions. Past s tud ies ,  such as t h e  launch abort  s tud ies  presented 
i n  references 2 and 3 ,  can be used t o  supplement t h e  enclosed da ta  
with reasonable agreement. 

The da ta  presented i s  primarily an update based on spec i f i c  

t o  being relayed t o  t h e  crew. 
o r b i t a l  parameters a r e  p lo t ted  on f igu re  18. 
t o  achieve a h 

P 
t h e  nominal f l ight-path angle.  

These AV's  along with t h e  r e su l t i ng  
The mode I V  AV requirements 

= 75 n. m i .  a re  shown on f igu re  19  fo r  deviat ions from 

The apogee kick capabi l i ty  begins once t h e  S-IVB cutoff  conditions 
would loca te  t h e  apogee favorably f o r  such a maneuver. Previous s tud ies  
have indicated t h i s  t o  be t r u e  when apogee occurs grea te r  than 
125 seconds from S-IVB cutoff  and f o r  S-IVB cutoff ve loc i t i e s  i n  
excess of 23 500 fps .  Even though t h e  apogee kick i s  nearer optimum 
than t h e  mode I V  f o r  t h e  C O I  maneuver, current  mission r u l e s  s t i p u l a t e  
t h a t  t h i s  maneuver w i l l  only be recommended f o r  S-IVB cutof fs  beyond 
t h e  mode I V  capabi l i ty .  This is  because of an inherent delay i n  t h e  
ground's computation of the  apogee kick maneuver, whereas t h e  mode I V  
solut ion i s  r ead i ly  ava i lab le .  Additional C O I  t r a j e c t o r y  information 
can be obtained from reference 3 and can be used t o  supplement t h e  
information presented i n  t h i s  document. 

6.0 CONCLUDING REMARKS 

Mode I launch abort  studies w i l l  be conducted upon rece ip t  of t h e  
rev ised  launch t r a j e c t o r y  (pad 39A) .  
appreciable change from the  Apollo 8 da ta ,  then these  w i l l  be published 
as an amendment t o  t h i s  document. 

If these  s tud ies  ind ica te  an 

The primary object ive i f  contingencies occur during launch i s  t o  
continue i n t o  o r b i t  whenever possible.  These s tudies  show t h a t  t h e  
ex i s t ing  launch abort  procedures and techniques used t o  def ine,  execute, 
and noni tor  abort  t r a j e c t o r i e s  a r e  adequate fo r  contingencies which 
could develop during t h e  launch phase f o r  t h e  planned Apollo 9 mission. 
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g.e . t . ,  
min:sec 

-20 : 00 

00 : 00 

00 : 42 

01:45 

0 1  : 54 

02:14 

02: 39.7 

02: 40.5 

02 :42 .1  

0 3 : O O  

03:10.2 

03:15.9 

04 : 30 

05 : 50 

08: 53.6 

08:57.6 

09 :10 

09 : 22 

09 : 30 

TABm I.- LAUNCH SEQUENCE AND EVENT 

TIME FOR APOLM 9 LAUNCH 

Event descr ip t ion  

arm t h e  LEV, begin mode I A  

f i rs t mot i on 

begin mode I B  

f ixed time abort  1 (mode I B )  

100 000 f't a l t i t u d e ,  begin mode I C  

S-IC center-engine cutoff  (TB2) 

S-IC onboard-engine cut off  (TB3)  

S-IC/S-II separat ion 

S-I1 ign i t i on  

f ixed time abort  2 (mode I C )  

j e t t i s o n  S-I1 a f t e r  i n t e r s t age  

j e t t i s o n  launch escape tower, begin mode I1 

fixed time abort  3 (mode 11) 

S-IVB ea r ly  s taging o r b i t  capab i l i t y  

S-I1 engine cutoff  (TB4) 

S-IVB engine ign i t i on  

f ixed time abort  4 (mode 11) 

begin mode I V ,  C O I  

begin no voice/no G&N mode I11 Procedure 
tb = 2(ta - 570) 



11 

g .e . t . ,  
min : sec 

09 : 31 

09 : 54 

10 : 49.3 

10:59.3 

TABLE I.- LAUNCH SEQUENCE AND EVENT 

TIMES FOR APOLLO 9 LAUNCH - Concluded 

Event descr ip t ion  

begin mode I11 (no burn) 

begin mode I11 (w/burn) 

S-IVB f i r s t .  guidance cutoff  

i n se r t ion  
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I 

TABU 11.- SC CONSTANTS USED FOR APOLLO 9 

LAUNCH ABORT STUDIES 

Launch pad . . . . . . . . . . . . . . . . . . . . . . . .  39B 

Launch pad geodetic l a t i t u d e ,  deg N . . . . . . . . . . . .  28.626536 

Launch pad longitude, deg W . . . . . . . . . . . . . . . .  -80.620811 

CSM weight at inser t ion ,  lb . . . . . . . . . . . . . . . .  58 962 

CMweight (launch),  l b  . . . . . . . . . . . . . . . . . .  12 319 

SPS propellant (nominal del iverable)  , lb . . . . . . . . .  35 730.9 

SPS t h r u s t ,  lb . . . . . . . . . . . . . . . . . . . . . .  20 626 

S P S I  s e c  . . . . . . . . . . . . . . . . . . . . . . .  313 

SPS t h r u s t  vector p i tch  o f f s e t  (c.g. at launch),  deg . . .  3.684 

SM/RCS t h r u s t ,  lb . . . . . . . . . . . . . . . . . . . . .  102.8 

SM/RCSI , s e c . .  . . . . . . . . . . . . . . . . . . . .  277 3 

SM/RCS quad t h r u s t  o f f s e t ,  deg . . . . . . . . . . . . . .  10 

SP , 

SP 

Mode I11 landing t a r g e t  range (AR = 0 ) ,  n. m i .  . . . . . .  3350 

Mode I11 targe t  geodetic l a t i t u d e ,  deg N . . . . . . . . .  26.30 

Mode I11 targe t  l a t i t u d e ,  deg W . . . . . . . . . . . . . .  -17.14 

75 Mode I V  ( C O I )  minimum t a r g e t  perigee a l t i t u d e ,  n. m i .  . . .  
c 
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TABLE 111.- COMMAND MODULE m R O D Y N A M I C S  USED 

FOR APOLLO 9 LAUNCH ABORT S T U D I E S  

Mach no. 

0.20 

0.40 

0.70 

0.90 

1.10 

1.20 

1.35 

1.65 

‘2.00 

2.40 

3.00 

4.00 

10.00 

29 50 

Alpha 

170.85’ 

167.22 

164.08 

161.27 

154.15 

154.50 

153.41 

152.42 

152.11 

152.53 

153.11 

155.30 

156.02 

159.41 

cL 

0.23471 

0.24291 

0.26673 

o 32675 

0.50448 

0.48861 

0.57346 

0.55997 

0.54083 

0.51634 

0.48762 

0.45019 

0.43694 

0.39649 

cD 

0.82516 

0.85330 

0.98340 

1.06167 

1.16099 

1.14844 

1.27104 

1.25543 

1.25152 

1.21981 

1.19417 

1.19920 

1.20867 

1.27650 

Note : Begin mission aerodynamics 

XCG = 1042.41 
YCG = -0.10 

ZCG = 6.08 
Bank angle bias = -0.94’ 

‘L”D 

0.28445 

0.28467 

0.27123 

0 30777 

0.43453 

0.42545 

0.45118 

0.44604 

0.43214 

0.42330 

0.40833 

0.37541 

0.36150 

0.31060 



14 

h I 

9) 

2 5  
4 

d W  
u c  
4 

* * *  
*m *m*m 
InInIn .. 
m 
In 
I 

0 
0 
. 

h 

9 

m 
I 

3 

.. . 
m m  
I n m  
I I  

” . s  
0 0  

h h  
b .  

9 9  

m m  
I I  

3 3  

* * l X X $ X x , * * *  * * * *  
*m*m m m m m m m m m m m 
I n m I n I n I n I n I n I n I n I n I n I n  .. 
6 
In 
I 

m 

In 

9 m 
4 m 
I 

. 

.. 
m m 
I 

00 
r( 
. 

4 

9 
m 
4 
m 
I 

.. 
m 
In 
I 

“! 
m 

-! 
3 
In 

m 
I 

.. 
m 
In 
I 

(v 

In 
. 

00 

m 

m 
I 

. 
3 

.. 
m 
In 
I 

h 

In 

d 
m 
4 
m 
I 

. 

.. 
m 
In 
I 

(v 

d 
d 

. 

OI 

h 
(v 
4 
m 
I 

.. 
m 
In 
I 

4 
In 
d 

. 

4 

cv 

m 
I 

0 

s! 

.. 
m 
In 
I 

T 
0 
(v 

m 
m 
d 
4 
m 
I 

. 

.. 
OI 
In 
I 

9 
9 
(v 

(v . 
m 

I 

.. 
m 
In 
I 

? 
(v 
m 

. 
m 
a0 m m 
I 

.. 
m 
VI 
I 

00 

m 
m 
. 

? 
h 
In 
cr) 
cr) 
I 

.. 
m 
In 
I 

? 
h 
4 

m 
In 
(v 
m 
m 
I 

. 

* * * * * * *  * o * o * o * o * m * 9 * ~ * m  0 d 4 9 h 4 In . 
0 
In 
m 
m 
I 

0 

0 
0 

(v 
4 

d 

0 
0 
0 
0 

.. 

. 
0 
In 
cr) 
m 
I 

00 
h 

d 

0 

4 
4 

d 

0 

0 
0 

d .. 

. 
0 
In 
m 
m 
I 

m 
h 
d 

? 
0 

9 
In 

d 

0 
7 0 
0 

0 
In 
m 
m 
I 

In 
0 m 

h 

0 
. 

3- 
d 

0 

0 
0 

?. 

m 
.3 
0 
m 
I 

h 
In 
4 

? 
4 

In 
0 
In 

r( 

a 

0 
4 
0 
0 

.. 

. 
m 
4 m m 
I 

In 
m 
\o 

(v 

(v 
. 

d 
h 
9 

d 
.I 

0 
In 

0 
0 

.. 

. 
m 
4 
m 
m 
I 

m 
m 
a3 

4 

m 

4 
d m 
d 

m 

0 
0 

0 

.. 
d 

. . . . . . . . 
m m m m m m  

l 1 l 1 1 1  

z o o o g g  .. ?? ?. % .. .. 
~ d d d r - l . c h (  
0 0 0 0 0 0  

m a  

9 -  

n 
U 
9) 
9) cu 
0 
0 
0 
.I 

0 o n  

- .  
9) 
9) 

2 5  a u  

c 
@ I  
k 
k n  

1 



VI 
0 
0 
I 

.. 

0 
m 
VI 

. 

0: 
(z 
00 
4 
m 
I 

9 
0 m m 
hl 
I 

00 
9 
Qo 

hl 
" 

u\ 

d 
m 
. 

ur 
0 

m 
I 

.. vl 
0 

m 
I 

.. 

QI 

m 
\o 

h 

\o m 
N m 
I 

\o 

co 
\o 
QI 
(u 
I 

. 

In 
0 
m 
I 

.. 

rc 
VI 
9 

o\ 

00 
hl 
hl m 
I 

T 
eo 
4 
o\ 
hl 
I 

00 
m 
00 

e4 
a 

T 
d 
4 

(z m 

ul 
0 
m 
I 

.. VI 
0 
cr) 
I 

.. 

m 
m 
9 

. 

eo 
.J m 
d 
m 
I 

. 

Qo 

h( 
QI 
00 
hl 
I 

. 

00 m 

VI 
0 
m 
I 

.. 

9 

0 
h 

. 

0: 
a0 
a0 
d 
m 
I 

"! 
e co co 
N 
I 

m m 

tu 

0 
e 
VI 

. 

u) m 
h 

Q, 
.) 

0 
?? 

Vl 
0 
m 
I 

.. 

e 
(u 
h 

. 

N 

2 
d 
m 
I 

(u 

N 
\o co 
tu 
I 

Q, co 
d 

N 
9. 

h 

h 
VI 

. 

h m 
Q, 

Q, 
a 

0 
?. 

h 
0 
m 
I 

.. 

h 

5 

0 
0 
\o 
d 
m 
I 

8 

h 

h m eo 
tu 
I 

. 

VI 
00 
0 
hl 

a 

T 
d 
9 

9 

3 

m 
0 
m 
I 

.. 

6 

9 
h 

. 

a0 

* 
cr) 
I 

. 
5 

VI 
<y 
d eo 
e4 
I 

. 

VI eo 

r( 

0: 

9 

4 
9 

. 

9 
-3 
m 

(u 
d 

m 
I 

.. 

m 
0 
a0 

. 

m 

2 
r( 

m 
I 

d 

0 
9 
h 
tu 
I 

e4 co 
h 

d 
9. 

co 
0 
h 

. 

d 
0 co 
.I 

0, 

0, .. 

2 .. 
m 
I 

h 

N 
a0 

8 

0 
N 
6 
0 m 
I 

. 

Q: 
hl m 
h 
(v 
I 

d 
a0 
'Om 
d 

r- 
m 
h 

. 

9 
-3 
0 

a 
d 
d 

0 
?! 

U 
d 

m 
I 

.. 

VI 

i 

a3 

P I  
h 
O m 
I 

Q: 
J 
0 
12 
tu 
I 

d 
a0 
VI 
d 

m 

e 
9 
h 

. 

t - 7 ,  
0 

d 
d 

0 
?. 

d 
d 

m 
I 

.. 

0 
m 
h 

. 

e 
00 
(u 
d 
rr) 
I 

. 

'4 
\o 
a3 
h 
tu 
I 

m 
a0 co 
r( 

a 

00 
h 
9 

. 

h 
\o 
VI 
0 

a 

d 

0 
0 .. 

VI 
0 
m 
I 

.. 

0 
h 
\o 

. 

Y 
a 
d 
tu m 
I 

0 
h 
N m 
tu 
I 

e 
\o 
\o 

N 
a 

00 
u) e 

e 
\o 

& E t ,  I 

. 
m 
\o 

tu 
h 
m 
tu m 
I 

u) 

Q, 
\o m 
tu 
I 

. 

. 
co 
9 

0 
m 
0 
hl m 
I 

0 
VI 
0 m 
tu 
I 

. 

u\ 
Q, 
3 

J 

-a 

t u N  

9) 

5 3  
4 

r l w  
u c  
-4 

0 . J  

O N  
W V I  

. .  Q 
.d 
U 
U 
Q) 
c, 

Y 

m 
J 

e o m m  
O, "! 

hle 
4 u r  
V I 9  i 

m 
- P 

.d 2 3  - a  

0 0  
d d  

0 0  e r n  .... 

4c 
*e 
0 m . *e 

h e 
0 0 0 0  m e e m  . . . . . . . .  
N N ( u e 4 m m m m m m m u 4 - 3 4  
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  



16 

z 
2 
.d 
-P 
C 
0 u 

I 

H 
111 
cI1 
H z 
Ch 
0 
1-11 
1-11 

a u 
H B 

a 
a 
& 
c) 
rl a al 
& 
PI 

d 
d 
a 
k 
al a 
& 
k 

0 
0 
0 
0 
0 m 

c. 

a 
a u a-  

a 0  

P4 

2 %$ 
$e 

m 
d 

m 
I 

.. 

d 

\o co 

d . 
0 m 
0 
m 
I 

0 
\o 
h 
\o 
N 
I 

m 
00 
U 
d 
.I 

OI 

a0 
h 

. 

d 
h m 
d 
d 

c. 

0 
U 
U 
0 

.. 

\o 
l-l 

m 
I 

.. 

\o 

h 
00 

h 

9 
N 
0 
m 
I 

l-l 

9 
U 
9 
N 
I 

. 

h co 

d 

? 
d 
m 

N m co 
d 
d 

m 

0 m 
U 
0 

.. 

\o 
d 

m 
I 

.. 

l-l 

OI 
a0 

. 

\o 

d 
0 
0 
m 
I 

? 
m 
d 
\o 
N 
I 

N 
OI 
N 

l-l 
c. 

m 
m co 
. 

m 
2 
a 

N 
d 

0 
0 
m 
0 

.. 

12 
d 

m 
I 

.. 

U 
0 
OI 

. 

\o 

U 
h 
OI 
N 
I 

? 
m co m 
N 
I 

a\ 
OI 
d 

d 
c. 

\o 

m co 

0 m 
U 

cv 
d 

m 

2 .. 
m 
0 

h 
l-l 

m 
I 

.. 

\o 

d 
gr 

. 

m 
m 
U 
OI 
N 
I 

N 

0 m m 
N 
I 

. 

co 
2 - 
d 

m 
h 
00 

. 

co 
\o 
h 

N 
d 

c. 

0 cv 
m 
0 

.. 

a0 
d 

m 
I 

.. 

a0 

N 
OI 

. 

d . 
2 
OI 
N 
I 

h 

m 
d 
m 
N 
I 

. 

0 cv 
0 
.I 

d 

7 
OI co 

0 
2 
c. 

m 
d 

0 

m 
0 

?. 

€0 
l-l 

m 
I 

.. 

co 
m 
OI 

. 

d 

0 co 
a0 
N 
I 

h 

OI 
I- 
U 
N 
I 

. 

U m 
a\ 

OI 

0 
OI 

sa 
m 
d 

s .. 
rn 
0 

OI 
d 

m 
I 

.. 

co 

d 

U 

3 
03 
N 
I 

d 

N 
-5 
-5 
N 
I 

d 
m co 

U 

N 
OI 

U 
0 co 
m 
d 

c. 

0 m 
m 
0 

.. 

OI 
d 

m 
I 

.. 

h 

m 
OI 

. 

m 
m 
0 co 
N 
I 

. 

h 

N 
0 
U 
N 
I 

. 

d 
h 
h 

h 

m 
OI 

h 
h 
d 

m 

2 

0 
0 
\o 
0 

.. 

0 
N 

m 
I 

.. 

m 
\o 
OI 

l-l . 
0 
\o 
h 
N 
I 

? 
d 
\o m 
N 
I 

4 
OI 
\o 

0: 
U 
6 

d 

2 
m 
I 

? 
b 
OI 

OI 

N 
l-l 
b 
N 
I 

. 

m 
h 
d 
m 
N 
I 

. 

d 
N 
\o 

0 
\o 
QI 

0 
h 

2 2  

0 0  
d c v  
\ o \ o  
0 0  

.... 

N cv 
m 
I 

.. 

0 
a0 
OI 

7 
d 
\o 
\o cv 

I 

0 
d 
h 
N cv 
I 

. 

m m m 

0 
b 
OI 

d 

U cv 
m 
I 

.. 

\o 

co 
OI 

. 

Q: 
U 
0 
\o 
N 

I 

9 
d 
N 
N 
(v 
I 

co co 
U 

Q: 
h 
OI 

m m  
d d  

0 0  
m U  .... 
e 9  
0 0  

\o 

cr) 
I 

2 

d 

OI 
OI 

. 

a0 

N 
U 
In 
el 
I 

. 

N 

co 
\o 
d 
N 
I 

. 

OI cv 
U 

h 

aD 
OI 

QI 

m 
I 

2 

9 
OI 
OI 

. 

U 

U 
h 
U cv 
I 

. 

* . 
2 
d 
cv 
I 

U 
h m 

7 
OI m 

d 
\o 
h 

0 0  m o  
\ o h  
0 0  

.... 

cv 

m 
I 

?. 

0 
0 
0 

. 
d 

h 

co 
OI 
m 
N 
I 

. 

OI 

$0 
N 
I 

\o cv 
m 

OI 

OI 
OI 

. 

h m 

h 
d 

2 .. 
h 
0 

J 

a 



17 

(v 
0 .. 
9 

9 
rc 
. 

41 

0 
co 
0 m 
4 
I 

"! 
3 
9, 
I 

6 
2 

Q: 
41 
rl 

h 
h 
m 

.............. 
h f - h h c o C O c o 0 0 0 0  OI , o o o o o o o o o - ~ ~ ~ o ~ ~  

9 

m 
I 

?. 

U 

0 
0 
d 

9 

5 
m 
N 
I 

a0 

00 
h m 
d 
I 

. 

J co 
N 

J 
0 
0 

. 
d 

m 
'h 

a0 
U 

m 
I 

.. 

d 

d 
. 

4: 

9 

J 
N 
d 
N 
I 

. 

.j 

N 
N 
00 
d 
I 

m 
d 
hi 

Y 
0, 
d 

N 
d 

U 
I 

.. 

co 
d 
0 
d 

. 

d 

m 
a0 
h 
d 
I 

. 

co 
0 m m 
d 
I 

. 

9 
N 
d 

N 

N 
0 
d 

m 
N 

U 
I 

.. 

0 
(v 
0 
d 

0 
J 
.5 
9 
d 
I 

. 

9 . 
2 
2 
I 

m 
d 
d 

.j 

(v 
0 
d 

m 

e 
J .. s 

"! 
N 
0 
d 

"! 

2 
9 a 

I 

N 

9 
h 
e4 
d 
I 

. 

9 
d 
d 

\o 

(v 
0 
d 

m 
9 m 

2 .. 
m 
I 

U 

N 
. 

4: 

d 

m 
0 

I 
2 

h 

0 
0 
d 
rl 
I 

. 

J 
(v 
d 

00 

(v 
0 
d 

. 

h 
h 
d 

s .. 
u) 
I 

h 

N 
0 
d 

. 

U 
co a 

I 

. 
5: 

3 
h 
9 
00 
I 

m m 
...I 

0 
m 
0 
d 

m 
d 
00 

m 
0 
9 
I 

.. 

m 
N 
0 
d 

h . 
2 
2 
I 

h 

u) 
u) 
h 

I 

. 

3 
rl 

d 

m 
. 
0, 

m m 
0 

d 
d 

9 
I 

.. 

0 
m 
0 
d 

(v 

m m m 
I 

'0. 
m 
.j 
9 
I 

9 
00 

J 

m 
. 
2 

d 
h 
N 

m 
N 
9 
I 

.. 

0 
m 
. 

4: 

N. 
rn m 
00 
I 

U 

J m m 
I 

0 

0 m 

\o 

m 
. 
2 

e 
a0 e 
m 
el 

a 

0 
el .. 

pc 

9 
I 

?. 

0 
0 
0 
d 

. 

m 
0 
f- 
f- 
I 

. 

9 

h 
0 
U 

I 

. 

o\ 
4 

9 

m 
0 
d 

. 

d 
0 

9 
u) 

rg 
I 

.. 

0 
m 
0 
d 

. 

m 
d 
a0 
9 
I 

. 

d 

m m 
N 

I 

h 
I 

h 

m 
0 
d 

s! .. 
m 
I 

co 
0 
. 
2 

m 
d 
cu 
N cv 
I 

h 

h( 
0 m 
d 
I 

co 
J 
N 

o\ 

0 
2 

d 
0 
\o 
I 

.. 

6 

(v 
0 
d 

. 

7 
a 
0 
0 
d 
I 

"i 
2 
a0 

I 

m 
d 
d 

l? 

2 
m 

0 
IC 
0 

U 
rn 
m 
I 

.. 

e . 
d 

si 

N 
d 
N 
0 
N 
I 

N 
9 m 
h 
d 
I 

. 

OI 
h 
d 

9 

d 
0 
d 

. 

a0 m 
N 

0 
(v 

N 
N 

m m  
N N  

? 
h 
0 h 

dcn 

h c o  
d r c  

0 0  

O I O I  
0 0  

% 7 !  
0 0  

O I O I  
0 0  

2 5  0 0  
? ?  

0 0 0 0 0 0 0  
J m O d N m J  

O U  m u )  .... 
a 0 0 0  
0 0  



18 

a 
9) u a- 

a 0  
9) ac 
&- tb  
PI 

: %; 

d 
N 
b 
I 

.. 

0 
m 
2 

r- 
r- oo 
m 
I 

N 
co 
r- 
I 

b 
N 

I 

9 

m 
0 
d 

. 

r- 
'j, 
e 
N 

0 m 
m 
0 

.. 

9 
m 
r- 
I 

.. 

0 
m 
2 

co 
m 
J 
I 

co 
0 
m 
d 

rl 

I 
J 

9 

m 
0 
d 

m 
b 

e 
N 

mm 

0 
0 .. 
0, 

9 
J 
Qo 
I 

.. 

m 
(v 
0 
d 

0 
m co m 
I 

. 

l? 
co 
m 
J 

r- 
J 
I 

m 
m 
0 
d 

. 

a0 
0 
9 

J 
N 

L 

2 .. 
0 
d 

m 
0 
0 
d 
I 

.. 

m 
N 
2 

N 
d 
IC 
cv 
I 

co 
m 
0 m 

b 

I 
J 

m 
m 
0 
d 

m 
J 
a0 

J 
N 

L 

0 
N 
0 
.. 
d 

9 
N 
cv 
rc 
I 

.. 

03 

cv 
0 
d 

m 
N 
m 
rc 

I 

. 

T 
0 
9 
9 

d 
m 

rc 
J 
I 

4. 

m 
. 

4: 

9 a 

m 
w 
O m  

0 m 
0 
d 

.. 

?. 
a0 
rl 
I 

r- 
N 
0 
d 

. 

0 
9 
N 
I 

. 

.. 
m 
M 

I 

9 

N 
2 

0 
m m 

.. 
m 
m 
I 

\o 

N 
0 
d 

. 

l? 
2 
N 

.. 
m 
m 
I 

r- 
N 
. 

s 

9 

N 
2 

co 
0 
m 
m 
L 

J 
N 

I 

J 

m 
0 
d 

. 

0 
(3 

m 
N 

", 

d m 
0 

N 
I 

L 

rc 
I 

?a 
m 
0 
rl 

rl 
\o 
m 
m 
N 

m 

* * 
*m m cv 

.... 
4 : s  

. 
N m 
0 
N 

I 

L 

0 

?a 
2 
m 

co 
\o 
m 
m 
N 

m 

m m 
N 

o m  
l n m  

i 
. 

.... 
4 : s  

n 
U 
9) 
9) 
VI 

0 
0 
0 
0 
0 " 

m 

4 
5 
& 
9) 
U 
cd 
9) 
k 
bo 
9) 
9) 
bo 
4 
k 
9) a 
I 

U 
9) 
M 
& 
cd 
U 

0 
U 

E 
rl 
U 
rl cn 
0 a 
U 
C 

E 
3 
8 
t4 cu 
9) 
0 
C 
cd 
U a 
rl a 
W 

U 
9) 
9) 
ru 
0 
0 
0 
0 
0 
m 
c 
cd 

L 

5 
t4 
9) 

2 
& 
bo 
9) 
9) 
bo 
rl 
k 
9) a 
I 

m 
m 
m m 

I 
v 

h 

.. 

8 
E 
II 

0 
L1 



a 

-0. 

c a o u m  s a  k "  o a a o c  k a g n d  a d d 4  s 

Q Q W  

d huni  

'-4 
0 
0: 
m o o o o o o o o o o o o o o o o  
d ..ye 4 In 0 d N (3 e m 0 r( N m u m ............................ 

c Q d m a [ ) h \ o 4 m w d O m a [ ) h m * m  

m m m m m m m m m m m m m m m m m  

m a \o h a[) m 0 d N m .j 4 m a me 
0 0 0 0 0 d d d d d d d d d d d d  . . . . .  . . . . . . . .  

. . . . . . . . . . . . . . . . .  

h t  .k 



20 
N 

4 co 
rl 

d 

? 

e 

VI 
d 

co 
VI 

. 

3 
N 
m 

VI 
4 

m 
I 

. 

d 

'9 
d 
h 
9 

9 
d 

a 

m 
0 

0 

2 

s 

2 

yr a 
(u 
a 

z .. 
\o 

cv 
a3 

4 
4 
N 

d 

. 
m 

9 m 
9 
VI 

. 

0 
VI 
N m 

h 
0 
m 
I 

. 

co 

4 
4 
d 

h 
d 

? 

a 

VI 

N 
d 

Q: 

m m 

co 
VI 

0 
4 m 

. 

d m 
N 
9 

d 
0 
N m 
. 

N 
d 

d 
d 
I 

. 

4 
0 
m 
VI 
Y) 

. 
a 

5 

a0 
N 

m 
rl 

4 
d 

h 
h 
d 

. 
m 

5 

0 
0 
\o 
.. 

9 

m 
a3 m 

2 

a3 
0 
N 
9 

. 

$: . 
h( 
m 

m co 

0, 
I 

d 
9 

h 
4 m 
a 

5 

4 
N 

m 
d 

. 

co 
h 

9 
h 

e 
9 e 
a 

d 

m 
9 

(u 
VI 

. 

9 
9 

N m 
. 

d co 
h 
I 

. 

h co 
VI 
h 
9 

co 
d 

m 

N 
d 

N 
d 

N 
h . 

d 
0 
0 
VI 
VI 
d 

. 
a 

4 m 
0 
VI 

. 

9 
9 

N 
m 

m 

h 
I 

? 

m m 
d m 
d 

m 
d 

a 

0 
h 

d 
d 

d 
0 
m 
. 

N 

N 
h 

3 
h 

d 
a 

N 
d 

h 
4 

. 

0 
9 

N 
07 

VI 
In 

9 
I 

. 

d 
0 
b) 

N m 
m 
VI co 
d 

. 
a 

m co 
4 
4 

0 
VI 
N 
m 
. 

N 
d 

9 
I 

. 

VI 
N 

3 
. 

4 

VI 
h 

N 

T 

m 
h 

4- m 

N 
VI 
d 
m 
. 

m 
9 

4 
I 

. 

h m 
d 
0 
VI 

. 

In 
4 

N 
VI 
9 

N 

. 
a 

d 
VI 

m 
N 

4 
9 

0 m 
. 

5 
4 
I 

m 

d 
m 
d 

"I 

d 
9 

03 
N 
d 

d 
a 

4 
N 

m 
VI 

. 

VI 

N m 
? 

m co 
m 
I 

. 

d 
h 

9 
d 
N 

9 
d 

. 
a 

m 
N 

m 
d 

VI 
d 

m 
N co 
VI 
d 

m 

0 
4 

\o 
.. 

d 
0 
d 
d 

mm 
d 

9 
9 

VI 
VI 

. 

9 

N 
m 
? 

9 
9 

co 
I 

m 
N 

9 
m 
9 

h 
d 

. 

.. 

4 
4 

4 
9 
d 

N 

. 
a 

h co 
00 
m 

m 
0 
N 
m 

0 
N 

VI 
I 

. 

9 
Q: 

d 
9 

d 
4 
9 

d 
a 

5 
m 
4 

VI 
9 

N 
m 
. 

co m 
9 
I 

. 

N 
h 

4 
0 
h 

m 
d 

. 
a 

9 
N 

d 
d 

m 
\o 

h 
. 

m 
0 
h m m 
d 

. 
a 

5 
N 
4 

m 

N m 
? 

h 
9 

VI 
I 

. 

0 
d 

yc 
. 

co 
9 

a2 
N 
0 .. 
d 

0 
N 

d 
9 

m 
d 

(u 
m 
. 

N 
VI 
0 
d 
I 

. 

9 
h 

m m 
9 
h 
0 
a 

d 

VI 
N 

0 
9 

. 

h 
N 

N 
m 
. 

co 
d . 
0, 
I 

9 
4 

co 
. 

n I  

a m  

N m  
N N  

V I V I  
d d  

N O  

m m  
d d  

? ?  
m m  
h d  

9 V I  9 m  
0 .  

0 0  
r l d  

. .  
h 9  

9 N  d o  h h  
\ O N  

h V I  o m  m 4  
O h  . .  rl h u n l  . .  . .  

e m  
V I h  

h N h  

. .  
0 
\o 

9 
0 
rn 

n l  

0 0 0  

a 9 9  
d .. ? ?. ~. . . ....................... 

h h h f i h ~ b ) b ) c o c o c o a  



z z 
.rl 
4J 
E: 
0 
V 
I 

I 

d /.- 

w 

h l  

h l  

m 
d 

9 
h 
h 

N 

0 

.. 

m 
d 

I- 
N 

I- 
d 

0 
m 
. 

m m 
m 
I 

0 

9 
N 

0 
\o 

m 
N 

0 

d 
d 

9 
. 

3 
In 

9 m 
9 co 

hl 

. 

m m 
9 
N 

0 

m 
d 

0 
m 

N m 
m 
I 

. 

d 
4 

co 
I- 

m 
N 

. 
".. 

I- 
0 
9 

9 co 
m 

0 0  
v i 9  

m c I  

m m  
N N  

u o  m o  .. .. 

4 
VI 
VI 
0 
o\ 

(v 

0 

.. 

co 
h 

.j 
N 

0 

m 
9 

m 
(v 

m 
h 

m 
I 

0 

h co 
co 
IC m 
m 
N 

. 

.. 

0 
h 

m 

\o 
h 

0 

N 
4 

rn 
m 
0 
m 

. 

.. 

0 e 
N 
N 

. 

m 
0 
o\ 
N 

. 

N m 
m 
I 

. 

m 
0 
0 
o\ 
h 

m 
N 

. 
m 

o\ 
N 

m 
. 

m 
h 

m m 
m 
a0 
d 

m 

. 

.. 

d 
h 

m 
d 

. 

N 

co 
N 

? 

0 

m 
I 

7 

m 
I- . 

21 

03 
\o 

o\ 
o\ 
rl 

m 
.. 

(v 
.j 

QI 
d 

. 

m 
N 

co 
N 

co 
N 

m 
I 

. 

9 
? 

4 9  
O N  
0 0  .... 
4 . j  
N N  

9 N  

4 4  
? ?  

0 
h 

m O N  m o w  i 4 e I - r -  
a m . . . .  

m m m m  
N N N N  

0 0 0 4  
d m m  .. c?. .. .. 



22 

I U I  I 

n 
H 

! 
> 

. 



a 



24 

a 
W zi 

d h  0 h l  

d huh1 

h l  

e o a d a N I - h l I - N I - h l b d  

m (3 m m m m ' m  N hl N N cy N 
1 1 1 1 1 1 1 1 1 1 1 1 1  

N.". cy. ". d 0 0 m m eo QD I- I- . . . . . . . . .  

m o \ o c y  
d m o m  d m o r j  

r j r j r j r j  
C U N N c y  

. . . .  
ma 

0 
0 m 
rj 

4 
hl 

. 
a 

I- 

\o 
0 

?. 

0 

0 

I 
I 
I 
I 

\o 

N 
N 
h 

m 
N 

b 

- 

d 

2 m 

0 
4 

\o 
0 

.. 

0 

0 

I 
I 
I '  
I 

'9 
3 
I- 

m 
N 

a 

hl 

m 
?. 

. 
U 
U 

\o 
0 

.. 

0 

0 

I 
I 
I 
I 

'9 
eo eo 
I- 

m 
N 

a 

U 

m 
?. 

h 
4 

\o 
0 

.. 

0 

0 

I 
I 
I 
I 

QI 

N 
N eo 
m 
cy 

. 

.. 

\o 

m 
?. 

d m 
\o 
0 

.. 

0 

0 

I 
I 
I 
I 

"! 
b 
I- eo 
m 
N 

a 

eo 
?. m 

d 

\o m 

0 

.. 

0 

0 

I 
I 
I 
I 

. 
d 
N m 
m 
N 

a 

0 
4 
0. 
.. 

0 
0 
h 
0 

.. 

0 

0 

I .  
I 
I 
I 

m 
\o 

m 
m 
N 

. 
a 

N 
rj 

OI 
.. 

. 
m 
0 
I- 
0 

.. 

0 

0 

c 
I 
I 
I 

U . 
d 
d 
0 

. 
2 .. 
I- 
0 

0 

0 

I 
I 
I 
I 

.5 
\o m 
0 

. 

.... 
m m  

m 
d 

h 
0 

.. 

0 

0 

I 
I 
I 
I 

'9 
s: d 

. 
d 
N 

I- 
0 

.. 

0 

0 

8 
I 
I 
I 

0 
b 

5 

e o 0  r j m  .... 
m m  

. 
I- 
N 

h 
0 

.. 

0 

0 

I 
I 
I 
I 

U 
hl m 
d 

I- 

m 

b 
0 

. 
?. 

0 

0 

I 
I 
I 
I 

m 

2 
hl 
I 

eo 
0 
N m 
U 
N 

. 
a 

hl m 

N 

m 
0 

G .. 

m 

I- 
d 

"! 

\o m 
d 
0 
0 
0 

. 
.. 

0 
0 
m m 
d 
d 

. 
.. 

0: 
b m 

b m 
h l c y  

h l r j d  m m m  
m m m  
...... 

rj 
I- 

N 
I 

. 

eo 
d 
rj m 
U 
cy 

. 
a 

m 
\D 

I- 
d 

m 
0 

. 
.. 

m 
0 
0 
\o 

m 

m 
0 
0 
0 

l? 

.. 

0 
0 

0 
hl 
d 

. 
d .. 

'9 

U 
b 

hl 
I 

. 

0 
0 
\o m 
rj 
cy 

. 
a 

I- m . 
2 .. 
v) 
0 

0 
I- 

cy 
. 

s: 

2 
m 
0 
0 
0 

.. 

0 
0 
m 
0 
hl 
rl 

.. 

m . 
a n  

U d  
h l h l  

b o a  m m  
m m  
.... 

U 

P 
(d 

8 

0 
d 
d u. (d 

u 

YI 
0 



25 

a 
v -.i u o  

(do 
0 

8 -  
40 , M O  v 

d 
(d 
.I4 
U 
k 
Q) 
C 
H 

m 
b 

N 
I 

0 
co 
b m 
-5 
N 

. 
n 

co 
N 

d 
0 
m 
0 

.. 

4 
1 
5 

d m 
N 
d 

0 
0 

.. 

0 
0 

m 
0 
N 
rl 

.. 

m 
rn 
. 

h 

0 co 
N 
I 

0 

J 
b 
4 
9 

J 
N 

A 

4 
d 
b 
m 
-5 
0 

.. 

03 m 
0 
m 
m 

h co 
m 

0 
0 

. 
2 

0 
0 
m 
d 

N 
d 

. 
.. 

m 
d 
\D 
ln 

J a 
N 
I 

m 
0 co 
\D 

-5 
N 

A 

9 
N 

J 
N 

J 
0 

. 
.. 

co 
b 

co 
hl 
d 

. 

Q, 

b 

0 
0 

1 
?. 

0 
0 
b 
rl 

N 
rl 

. 
.. 

m 
m 
VI 

OD m 
N 
I 

m 
m m 
h 

4 
N 

n 

h 
d 
d 
m 
m 
0 

. 
.. 

3 
m m 
9 

a 
9 

m m 
0 
0 

. 
.. 

0 
0 

h 

N 
rl 

. 
2 

m 
cv 
. 

m 
h 

N 
I 

\D 

0 
m 
9 

d 
N 

. 
n 

d 
N 

d 
d 
d 
0 

. 
.. 

rl 
rl 

m co 
N 

. 

h 
a3 

4 

0 
0 

2 

0 
0 
d 
d 

N 
rl 

.. 

b . 
J, 

N co 
cv 
I 

. 

d 
d 
\o 

d 
N 

A 

0 m 
0 
m 
4 
0 

. 
.. 

N 
rl 

Q, 
b 
m 

. 

J, 

?. 
m 

0 
0 

0 
0 
m 
rl 

N 
4 

. 
.. 

4 

b 
00 

N 
I 

d 

r- m 
9 

-3 
N 

n 

rl 
9 

b 
rl 

J 
0 

.. 

co 
9 

Q, 
I- 
d 

. 

cv 

rl 
3 
0 
0 

'I 
.. 

0 
0 
m 
rl 

N 
r4 

.. 

h 

m 
a0 

N 
I 

m 
-4 
d 
h 

A 

J 
N 

m 
Q, 

0 

J 
0 

rl .. 

m 
h 

rl 
m m 

5 
9 
d 
0 
0 

.. 

0 
0 
rl 
N 

N 
l-l 

.. 

d . 
s1 

hl 
a\ 

N 
I 

9 

a0 
N 
h 

-5 
hl 

c1 

co 
-5 
4 
0 
-5 
0 

.. 

0 
9 

-5 co m 

. 

m m 
0 m 
0 
0 

.. 

0 
0 

m 
N 

(v 
rl 

.. 

m 
b m 
h 

. 

m m 
N 
I 

N 

4 
4 
b 

4 
N 

. 
A 

Vl 
Q, 

b m 
m 
0 

. 
.. 

m 
4 
Q) 
m 
\D 

. 

0 
d 

m m 
0 
0 

. 
.. 

0 
0 

m 
N 

N 
d 

.. 

d 

m 

cv 
0 
m 

-5 
0 

2 
h 

4 
N 

A 

0 
0 

m 
J 

m 
0 

.. 

0 
0 
0 m 
h 

0 

co 

4 
0 

0 

.. 
rl 

0 
0 
m 
hl 

N 
d 

. 
.. 

a2 
0 
d 

. 

\D 
0 
m 
I 

l? 
a3 co 
b 

-5 
hl 

A 

b 

a 

m 
0 

1 
?. 

N 
0 

m 
0 co 

4 
N 

m 
0 

0 

.. 
d 

0 
0 

d 

?. 
N 
$4 

m 
a0 
. 

m 
rl 

m 
I 

m 
0 

2 
a0 

d 
N 

rn 

(v 
(v 

m 
(v 

m 
0 

.. 

-5 
0 
hl 
m m 

0 

m 

m 
d 

rl 

N, 

.. 
0 

0 
0 
m 
m 
N 
rl 

0 

.. 

c 
JJ 
(d a 

u 
Q) 
Q) ra 

m 
l 

0: 

2 

d 
0 co 

m 

-5 co 
rl 

?. 
m 
0 

co 

m 
\D 
a0 

1 

m 
d 

5 .. 
d 
0 

0 
0 
m 

hl 
8-4 

. 
?. 

rl 
9 

4 
(v 

m 

Q, 
00 

0 m 
4 
0 

.. 

b m 
9 
m 
(v 

rr) co 
0 
N 
0 
0 

.. 

0 
0 
OI 
0 
N 
l-l 

. 
.. 

(v . 
m 

m 
d 
N 

m 

h 
m 
h 
m 
d 
0 

. 
.. 

m 
0 
d 
QI 
d 

\o co 
\o 
rl 

0 
0 

.. 

0 
0 

r- 
0 

cv 
rl 

.. 

b 

d 

. 

1 

n l  

c n l  

. .  
I c . m  co cv 

( v u 5  0 0 d m  C O m Q  k 4 4 m  . a \ d r c h .  c o c o d \ m o A o  
~ A A A A A ~ A A A A A A A  m 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 z 2  . . . . . . . . .  



26 

0 
0 
0 
0 
0 
J 

m 

0 
N 

m 
I 

. 

b 

b 
N eo 
J 
N 

. 
a 

d 
b 

eo 
d 

m 
0 

.. 

b 
d 

\o m m 

s 
d 
N 

d 
0 

.. 

0 
0 
b 

N 
d 

. 
?. 

N 

J 
2 

a 

m 
N 

N m 
0 
d 

.. 

m 
N 

m 
I 

. 

0 
0 
J eo 
J 
N 

. 
m 

h 

"! 
N 
d 

m 
0 

.. 

m m 
d 
\o 
0 
d 

. 
a 

b 
b 

m 
N 

d 
0 

. 
.. 

0 
0 
m 

N 
d 

. 
?. 

0 
m 
Q 
d 

m 
N 

. 
a 

J 

0 
d 

?. 

d h  
m m  
m m  
I I  

. .  

b \ o  

d h l  m \ o  
e o a 3  

J J  
N N  

. .  
a m  

- 0  
b e l  

m m  o m  
m N  
0 0  

* .  

.... 

Q J  d m  
0 0  m o  
d N  

d d  

. .  
a m  

N *  

m o  
? v . " D .  
2 2  
d d  
0 0  

0 0  
0 0  . .  
s i 3  .... 
N N  
d d  

O d  
N d  m Q  

m m  
N h l  

0 .  

Na Na 

- 0 0  

0 0  
d d  

?.?.  

J 
J 

m 
I 

. 

Q: 
N 
b eo 
J 
hl 

a 

m 
\o 

N m 
hl 
0 

. 
.. 

5 
J 
b 
N 

d 
a 

0 

\o 
J 
d 
0 

'9 
.. 

0 
0 
m 
U 
N 
d 

. 
.. 

? 
0 m 

m 
N 

0 
J 
0 
.. 
d 

m m 
m 

I 

d 

d m eo 
U 
N 

. 
a 

0 

m 

N 
0 

? 
?. 

b 

m 
hl 
J 

? 

a 

d 

m 
\o 

eo m 
d 
0 

. 
.. 

0 
0 
m 
J 
N 
d 

. 
.. 

J 

m 
. 
2 

c) 

m 
N 

* 
4 
0 
.. 
d 

b 
\o 

m 
I 

. 

? 

4- 

m m eo 

N 

U 
\o 

N m 
N 
0 

. 
.. 

m m 
0 
d 
m 
d 

. 
a 

b m 
J 
0 
(v 
0 

. 
.. 

0 
0 
d m 
N 
d 

. 
.. 

0 
m 
h 
J 

m 
N 

. 
a 

\o 
J 
0 
.. 
4 

\o 
h 

m 
I 

. 

b 

\o 
0 m 
J 
N 

. 
a 

m 

m 
N 

N 
0 

Q: 
.. 

d 
b 

m m m 
d 

. 
a 

J 
J . 
d 
d 

N 
0 

.. 

0 
0 
m m 
N 
d 

. 
.. 

eo 
Q 
hl m 
m 
N 

. 
a 

N m  
Q C O  

m m  
I I  

. .  \ D m  
e o t n  
m m  
I I  

. .  d 
m 
m 

I 

m 
N eo eo 

. 
5 
d 
0 
\o 
J 
hl 
0 

. 
.. 

m 
d 

0 m 
. 

ma 
d 

m m 
hl m 
d 
0 

. 
.. 

0 
0 . 
2 .. 
hl 
d 

a3 
m 
b 

m 
hl 

. 
ma 

2 
4: 
.. 

u 
9) 
Q) 
& 

m m ?  . .  

0 0  
d m  
4 0  

J J  
N N  

0 .  

ma 0 J *  
N N  

J J U  
N N N  

a 
Q) u 
0 
.I4 a 
Q) 
k 
pc 

rn 
PI 
rn 

8 
k r4 

0 u 
cu cu 
0 

2 

0 
0 
0 
0 
0 m 

a 

n 
O 

\ u 
w 

% 

W 

O b U  

e 4 0  
d d d  

N N N  
0 0 0  

? ? 3  
. . . . . .  

. .  
d o  
N N  

N N  
0 0  

.... 
u 
0) 

e o m  m m  
N m  m m  
\ o \ o  

d d  

. .  
a m  

N N m  
O \ o h  

m o o  
O N m  
b b b  

d d d  

. . .  
a a m  

\ o w  

m a  
d d  

W N  
0 0  

".? 
.... 

m m  d m  
h a 0  
d d  

h l N  
0 0  

. .  
.... 

. . .  
m o d  
d N N  

N N N  
0 0 0  

...... 

m u 
H 

H 
P; w 
E 

1 V 

m o  
N O  

0 0  
0 0  . .  0 0 0  

? ? ?  0 .  

J m  m m  
N h l  
d d  

.... h m  m m  d m U  
0 0 0  .... 

N N  
d d  

. . . . . .  
m m " ,  
d d  

d 

d d  . .  h h h  . . .  
b b h  
\ o \ o \ o  m m m  

a m  
m m  
N N  

a m  

m m  
N N  

. ) a m  
m m m  
N N N  

* 
*m m 
N . 

\ D o o m  m m m  
0 0 0  
d d r l  

...... 
. 

a m 0  
J 4 m  ...... hlJ m m  

0 0  
d d  

.... 
0 0 0  
r l d d  



cn 
E-r s 
H 
H 
H 

w 
u n I  

a u n l  

I 
U 

a3 co 
\o 
. 

d 

? 
.j 
N 

rl 
.j 

co 
N 

0 

0 
.j 

m 
0 

N 
N 

0 

.. 

N 
rl 

a3 
d 

.. 

rl m 
\o 
l4 

.. 

d 

?. 
m 

hl co 
\o 

m 
0 
.j 
N 

4 

co 
hl 

T 

hl 
\o 

m 
0 
hl 
N 

0 

.. 

\o 
d 

00 
rl 

.. 

.j m 
\o 
d 

.. 

N 

m 
?. 

0 
h 

\o 

0 m 
m 
N 

. 

a\ 
d 

00 
hi 

VI 
VI 
h 
d 

cv 
hl 

0 

.. 

m 
hl 

a3 
d 

.. 

0 
0 
h 
d 

.. 

J rn 
Q1 
.. 

m 

\o 
T 

J 
h 

rl 
N 

0 

0 
h 

h 
N 

. 

Qo 
0 
m 

N 
N 

. 
.. 

\o 
J 
a3 
rl 

.. 

m 
d 

P. 
rl 

.. 

0 
J 
a\ 
.. 

0 
N 

\o 

N 
d 

rl 
N 

. 

N m 
h 
N 

m 
N 

N m 
N 
N 

. 
.. 

.j m 
co 
r( 

.. 

\o 
N 

P. 
rl 

.. 

N 
J 
m 
.. 

IC 
0 
\o 
. 

h 
J 

0 
N 

. 

m 

P. 
N 

1 

2 
rl 
0 
m 
N 

.. 

m 
0 
QI 
l4 

.. 

m 

h 
d 

?. 

.j 

.j 

OI 
.. 

.j m 
m 

a\ 
h 

m 
d 

m 
rl 

h 
N 

. 

J 
\o 

d 
d 

m 
N 

. 
.. 

d 
d 

m 
d 

.. 

0 
J 
h 
d 

.. 

\o 
.j 

m 
.. 

r( co 
m 

m 
0 
QI 
rl 

. 

d 
rn 
\o 
N 

\D m 
d 
N 

m 
N 

. 
.. 

d 
N 

m 
rl 

.. 

co 
J 

h 
rl 

.. 

a0 
J 
m 
.. 

.j m 
m 
. 

0 
\o 

h 
rl 

.j 

.j 

\o 
hl 

h m 

3 .. 
m 
hl 

d 
.j 

QI 
d 

.. 

m 
0 
co 
d 

.. 

hl m 
m 
.. 

0 
.j 

m 

rl co 
\o 
rl 

0 

h 
.-I 

\o 
N 

. 

h 
h 

m m 
m 
N 

.. 

rl m 
a\ 
d 

.. 

2 .. 
co 
d 

e m 
a\ 
.. 

m 
J 
m 

rn 
rl 

h 
rl 

. 

m 
N 

\o 
N 

. 

rn 
0 m 
m 
N 

0 

.. 

\o 
.j 

m 
rl 

.. 

a\ 
0 
co 
d 

.. 

J m 
m 
.. 

3 
m 

\o 
d 

P. 
d 

. 

m 

\o 
N 

“i 

0 

0 m 
m 
N 

. 
.. 

J 
m 
rl 

.. 

a0 
0 
co 
d 

.. 

\o 
rn 
m 
.. 

N 
.j 

m 

m 
d 

P. 
d 

. 

co 
N 

\o 
N 

. 

‘9 
m 
.j 

m 
N 

.. 

m 
4 

o\ 
8 4  

.. 

h 
0 
a3 
rl 

.. 

m m 
m 
.. 



28 

0 
4 
u) 
. 

u) 
rl 

h 
d 

. 

m 
N 

9 
N 

. 

m 
d 

m 
4 

m 
N 

.. 

3 .. 
m 
d 

9 
0 
co 
?-I 

.. 

0 
0 .. 
E: 

0 
U 
u) 

u) 
rl 

h 
rl 

co 
N 

9 
N 

. 

N 
h 

03 
4 

m 
N 

e 

.. 

4 
U 

m 
rl 

.. 

u) 
0 
co 
d 

1. 

N 
0 .. 
2 

m 

u) 
? 

u) 
d 

h 
d 

. 

00 

9 
N 

“! 

9 

co 
4 

m 
hi 

N. 
.. 

3 .. 
m 
d 

J 
0 
a0 
d 

.. 

3 .. 
0 
d 

m 

u) 
? 

u) 
l-l 

h 
l-l 

.. 

co 

(0 
hi 

“i 

co 
h 

% .. 
m 
N 

2 .. 
m 
d 

m 

VI 
? 

9 
d 

b 
rl 

. 

co 
N 

9 
N 

co 
rl 

h 
J 

m 
N 

0 

.. 

hl 
4 
m 
rl 

.. 

m 
0 
co 
d 

.. 

0 
J 

u) 
.. 

u) 
d 

h 
rl 

. 

co 
N 

9 
N 

d 
U 
u) 
.. 

u) 
rl 

h 
rl 

co 
N 

9 
N 

. 

? 
9 
4 

m 
N 

.. 

d 
4 
m 
.. 
d 

(v 
0 

og 
.. 
d 

cy 

0 
U .. 
U 

N 
J 

u) 

u) 
d 

h 
d 

a0 
N 

9 
N 

. 

h 

In 
4 

m 
N 

.. 

0 
4 

m 
rl 

.. 

d 
0 
a0 
d 

.. 

2 
0, 
.. 

J 
4 
In 
. 

9 
d 

h 
rl 

. 

00 
N 

(0 
N 

. 

d . 
z .. 
m 
N 

m 

m 
d 

?. 

rl 
0 
eo 
d 

.. 

9 
d 

0 
rl 

.. 

9 
J 

u) 

u) 
rl 

b 
rl 

. 

co 
N 

9 
N 

9 

J 
J 

m 
hi 

. 
.. 

co 

m 
d 

?. 

0 
0 
co 
rl 

.. 

00 
d .. 
E: 

m 
U 

u) 

u) 
d 

h 
d 

. 

m 
N 

9 
N 

. 

0 
4 
4 

m 
N 

. 
.. 

co 
m 
m 
rl 

.. 

0 
0 
co 
r) 

.. 

0 
N .. 

m 
u) 

u) 

2 
h 
rl 

o\ 
N 

9 
N 

. 

u) 

m 
4 

m 
N 

e 

.. 

co 

m 
d 

?. 

0 
0 
co 
d 

.. 

N 
hi 

0 
d 

.. 

\D 
u) 

u) 
. 

5 . 
h 
d 

QI 

9 
hl 

“i 

0 
m 
4 
m 
N 

.. 

h 

m 
rl 

?. 

m 
u) 

h 
l-l 

.. 

4 
?? 
51, 

rl 
9 

In 

u) 
rl 

b 
d 

. 

QI 

9 
N 

N. 

N 

N 
4 

m 
hi 

. 
.. 

h 

m 
d 

7 

m 
u) 

h 
d 

.. 

9 
N 

0 
d 

.. 

h 

VI 
? 

u) 
d 

h 
rl 

. 

0 

9 
N 

? 

u) 

rl 
4 

rn 
hi 

. 
.. 

9 

m 
d 

? 

m 
u) 

I- 
d 

.. 

co 
N 

0 
d 

.. 

m 
I- 

u) 
. 

In 
d 

I- 
d 

. 

0 

9 
N 

2 

00 

3 .. 
m 
hi 

9 

m 
d 

?. 

m 
m 
b 
rl 

.. 

0 
?. 
2 

U 
cd 

0) 

0 
k 

5 
n 

I- 

9 
4 

m 
N 

* 

.. 

d 
U 
m 
rl 

.. 

hl 
0 
co 
d 

.. 

E: .. 
0 
d 

a 
E 

k 
c3 
30 

Q) 
U 
3 
G 

a 
(d 
d 
w 

U 
cd 
a c 
cd 
Q 
I cn 

U 

30 c 
(d 

a d 

U 
.rl 
x w 

cn 
u 
H 

H 
z 
P; 

E 
u 

. .  
E-c 

a c 

k 
c3 
30 
a 
2 a 
(d 

U a a c 
(d 
Q 

U 

c 
cd 

.. 
co 
d 

d 
w 

I 
cn d 

Q E-c 

.. 
E: 

.. 
0 
d d 



29 

, 
I 

.. 

LI n l  

n l  

o\ 
I- 

VI 
. 

m 
d 

I- 
d 

. 

d 

1 
\o 
N 

d 

0 
4 

m 
N 

. 
.. 

VI m 
m 
d 

.. 

a\ 
VI 
I- 
d 

.. 

N 
?. 
2 

b co 
VI 

5 
I- 
d 

d 

1 
\o 
N 

J 
o\ 

m 
N 

0 

?. 

?. VI 

o\ 
d 

0 
0 
m 
Fl 

.. 

J 

\D 
o\ 

VI 
. 

5 
I- 
d 

d 

(? 
\o 
N 

I- 

00 m 
m 
N 

o 

.. 

VI 

m 
d 

?. 

0 
0 
m 
d 

.. 

\o 
m 
I. 

I- 
d 

\o 

m 
d 

I- 
d 

. 

N 

\o 
N 

1 

d 

I- m 
m 
N 

. 
.. 

4 

m 
d 

?. 

N 
0 
m 
d 

.. 

0 
U 

0 
.. 
d 

a\ 
N 

\o 
0 

m 
d 

I- 
d 

. 

m 

\o 
N 

1 

1 
?. 
\o 

m 
N 

4 

m 
rl 

1 

N 
0 
m 
8 4  

.. 

N 
J 
0 
.. 
d 

2 
\o 

m 
d 

I- 
d 

0 

4 

\o 
N 

? 

1 
VI m 
m 
N 

.. 

m m 
a\ 
d 

.. 

N 
0 
m 
d 

. 

J 
J 

0 
d 

.. 

I- 
VI 
\o 
. 

m 
d 

I- 
d 

. 

VI 

\o 
N 

1 

J 

J m 
m 
N 

. 
.. 

m 
?. m d 

m 
0 
co 
d 

.. 

\o 
U 

0 
.. 
d 

m 
f i  

\o 
. 

N 
d 

I- 
d 

. 

\o 

\o 
N 

1 

J 

m m 
m 
N 

. 
.. 

m 

m 
d 

?. 

4 
0 
co 
.. 
4 

VI 
a3 
\o 
. 

N 
d 

I- 
d 

0 

\o m 
\o 
N 

co 
N m 
m 
N 

. 
.. 

m 

m 
d 

?. 

VI 
0 
m 
d 

.. 

*In 
a\ 
N 

0 

s s  .. .. 
2 2  

b 
00 

\o 
. 

N 
d 

I- 
d 

. 

\o 

\o 
N 

1 

I- 

N 

m 
N 

. 
?. 

m 

m 
rl 

?. 

VI 
0 
co 
d 

.. 

0 
VI 
0 
d 

.. 

4 
o\ 

\o 
. 

N 
d 

I- 
d 

0 

I- 

\o 
N 

1 

In 

N m 
m 
N 

0 

.. 

m 

o\ 
d 

?. 

\o 
0 
m 
d 

.. 

N 
In 

0 
.. 
d 

d 
0 
I- 
. 

N 
d 

I- 
d 

. 

b 

? 
\o 
N 

J 

N 

m 
N 

. 
?. 

m 

m 
d 

?. 

9 
0 
m 
d 

.. 

J 
In 

0 
.. 
d 

co 
0 
I- 
. 

N 
d 

I- 
d 

. 

co 

\o 
N 

1 

d 

N 

m 
N 

. 
?. 

J 

o\ 
d 

?. 

b 
0 
co 
d 

.. 

\o 
In .. 
2 

VI 
d 

I- 

(v 
d 

I- 
d 

? 
\o 
N 

CO 
0 
co 
.. 
d 

o\ 
d 

I- 

N 
d 

I- 
d 

0 

a0 

\o 
N 

1 

b 

d 
. 

?. 
m 
N 

J 
m 
o\ 
d 

.. 

o\ 
0 
a0 
d 

.. 

* 
*VI 
a\ 
N . 

c o r n  
InIn . .  .. .. 
2 2  



I n e m  
? “  ‘9 
m m m  

d d d  d d d  

9 ‘ 9 ‘ 9  

. , e . .  
N N N  

. . . . e  
d d d  

0 e a D  
1‘9”. 

d b N  

I n N b  
d d  

N N N  

‘ 9 ‘ 9 ” .  
.. .. 0 

V I m m  
m e h l  

o a h l  

N N N  
? P I  

d 
m 
*I 

- 
a 
Q 
U 
0 .d 

S a ’ . ? ? ? ? ” . ? ” .  

a 
9) 
t4 a - . . - -  

m m m  
N N N  

e a 0 2 0  

m m m m  
P I P ?  



31 

I 

rn 
E-l 
ffi n 

I 

a 
(d a 

m 
a 
d 
.rl 
E 
d 
(d 
0 
+rl 
U 
7 
(d 
E 

h 

ld 
v 

VI 
QI 
N 

ul 
b 

II 

M 
M 
In 

U 
N 

'0, 

I- M 
h 
Q, 
I- 

U 
N 

.. 
Q1 Q: 

Q: 
co 
03 

U 
N 

d 

h 
9 
Nn 

(v m 

M 
N 

l? 

m.. 
0 m 

M 
N 

? 

*.. 
QI 
b 

M 
N 

co 
CO 
N 
M 
M 
N 

I 

d 

d 
\o 
In 

M 
N 

n 

N 
0 

4 
N 

bn 

N 
Q, *! 

0 
d 

d 
N 

Q: 
In co 

M 
N 

On 

d 
03 
N 

m 
O- 
M 
N 

.. 
In 
N 

- 
M 
N 

d 

1 m 
a 

8 
c 
*M 
QI 
N 



Ei 
rl 
U 
cd 
rl 
U 
.rl 

w E 

m 

N 
'9 
2 

a0 

m 
h 
d 

0: 

9 
0 

0 

0 
F! 

m 
ro 
N 

5? 

m 
l? 
rl 
N 
d 

9 
0 

0 

0 
E 

m 

N 
0 
d 

'9 

h 

Q 
-j. 

4: 

9 
0 

0 
F! 0 

9 9 9  
0 0 0  

8 8 8  

VI 

N 
d 

'?. 

r( 

r- 
ro m 
m 
N 

.. 

0 m .. 
4: 

h m 
N 
.. 
4 

'9 
h 
ro m 
m 
N 

.I 

N m .. 
4: 

m 

N 
d 

? 

IC 

h 
ro 

m 
N 

d m .. 
2 

d 
0 
0 
d 

.. 

h 

h 
ro 

m 
N 

VI! 

ro m 
0 
.. 
rl 

m 
0 
m 
d 

.. 

h 

h 
ro 

m 
N 

m.. 

i m 
N 

coo m 
0 0  
.. ? 
d d  

W 
al 

. 



0 

a 

33 

\D 
\D 

In 

IC 

? 
\D co 

h 
"i 
h 
hl 
d 

h m 
In 
m 

a: 
a', 

co 
In 

d 

\o 

a0 

hl 

? 
?. 

a: 
'Q, 

N m 

m 
N 

\o 

m 
?. 

In 

IC co 
? 

d 
h 

\D 
N 
d 

In 

e m 
Q: 

h 

0 
0: 
rl 

m 
IC 

* 
hl 
?. 

"i 
IC 
h 

m 
hl 

co 

m 
?. 

N 
IC 

IC 
03 

* 
"i 
N 
rl 

03 

0 m 
? 

y1 * 
v) 

d 

CQ co 
0 

N 
?. 

? 

a: 
d 
N 

m 
hl 

0 

m 
-?: 

? 
m m 

co 

e 
N 
rl 

'9 

a: 
d 
N 

In 

\D m 
rl 

? 
d 

'il 
d 

co 

m 
QI 

a: 

hl 
IC 

.;r 
hl 
d 

* co 
0 
hl 

h 

co i 

d 

IC : 
d 

2 
0 
H m m 

8 .  

. 

w 

? ? ? ?  ? ? ?  

d d d r l  r l d d  

1 H 
p: w E 
u 
* a 

I n -  . .  
. .  

I ^ ^  - 0 . n n . n . .  

m m m m m m  
N N N h l h l N  

ul 

0 h l . J  

m m m  
'il'il'il 



34 

h I  

h h l  

\o 

In m 
? 

d 

a: 
J 
hl 
d 

J 

h 
rl 

‘9 

a: 
co 
hl 
d 

rl 

hl 
d 

In 

T! 
d 

“I 

In- 

d 
\o 

J 
hl 

co 

0 
z 
d 

0 

In m 
? 

0 

In 
N 
d 

? 

d 

a 
d 

‘9 

? 
\D 
h 

d 

\o 

0 
Q: 
T! 
d 

5 

‘Om 

00 
0 

J 
hl 

4: .. 
0 
d 

hl 

ro m 
“i 

0 
rl 

In 
hl 
d 

0 
h 

In 
d 

? 
J 
hl 

d 

m 
h 

0 
?? 
d 

“I 
In 
In 

J 
hl 

N 
d 

0 
.. 
rl 

J 

\o m 
? 

0 
hl 

In 
N 
rl 

m 
h 

5 

? 
N 
h m 

co 

N 
“1 
?? 
d 

h 

N 
0 
h 

J 
F1 

.I 

5 .. 
0 
d 

d 

h m 
9 

d 

? 
In 
hl 
d 

h 

? 
2 

“I 
0 
hl m 

In 

co 
@? 
d 

d 
.. 

d 

0 
In 

J 
hl 

\o 
rl 

0 
.. 
d 

3 
h m 

3 
In 
hl 
d 

5 
m 
d 

@? 
co 
\o co 

0 

J 
d 

rl 

d 

.. 

“1 
h m 
h 

J 
hl 

- 

co 
d 

0 
.. 
d 

rl 

? 
h m 

In 
In 

m 
hl 
d 

In 
d 

hl 
d 

d 

\D 
rl 

m 

m 

d 

? 
F1 

d 

In 
J 

J 
hl 

“Om 

0 
? 
5: 

a3 

co m 

rl 

h 

‘9 
In 
hl 
rl 

d 

“i 
d 
d 

Q: 
m 
\o 
h 

hl 

In 
“I 
F1 
d 

m 
hl m 

J 
hl 

“Om 

hl 

0 
2 
U 

s 
a3 m 

0 

In 
hl 
d 

? 

d 
J 

4: 

‘9 
d 
d 
h 

O 
“i 
d 
0 .. 
d 

a0 

0 
J 

J 
hl 

*: 

J 
N 

0 
.. 
d 

0 

co m 
? 

hl 

In 
hl 
d 

a: 

\D 
h 

m 

? 
m 
In 
\o 

J 

rD 

0 

? 
? 

a: 
W co 

J 
hl 

\o 
hl 

0 
.. 
rl 

J 
hl 

m m 

J 

\o cv 
d 

? 

0 

m 
“i 

Q: 
\o 
0 
\o 

\o 

hl 
In 

0 

5 
.. 

d 

h 
m 

In 
hl 

Om 

a0 

0 
? 
d 

00 
In 

m m 

\o 
d 

\o 
hl 
rl 

h 
h 

a0 

? 
J 
J 
In 

J 

co 
J 

0 

? 
.. 

rl 

? 
QI 
OI 

h 
In 

\o 
hl 
4 

\D 

co 
s 

h 

d 
0 
In 

m 
In 

m 
U 

0 
.. 

“i 
J 

m 

0 
0 

“i 
d 

a3 

\o 
hl 
d 

@? 

\o 

co 
“i 

? 
m 
.;r 
J 

rl 
d 

m 

0 
T! 

9 
m co 
d 

In 
hl 

J 

0 
rl 

T! 

In 
In 

0 
5: 

a3 

\o 
hl 
d 

9 

h 
rl 

co 

“i 
\D m m 

rl 

‘9 
T! 
J 

0 

9 
hl m 
hl 

In 
hl 

m 

\o 

0 
d 

T! 

\o 

0 
? 
4: 

co 
In 

\D 
N 
$4 

cv 
N 

00 

s 
3 m 

h 

0 

0 

? 
T! 

rl 

d 
03 

In 
hl 

“! 

03 

0 
T! 
.-( 

m 
h 

d 

2 

\o 

\o 
hl 
d 

? 

hl 
d 

m 

“I 
J co 
d 

co 

\o 
d 

0 

“i 
.. 

s 
9 
m 
hl 

In 
hl 

J 

0 
-?; 
d 



35 

5 
hl 
0 
4 

I- 
\o 

I- 
VI 
r )  

. 

VI 
? 

. . .  
hl" 

r ) r l  
0 0 0 ,  

I- I- I-  
V I V I "  
d r l d  

2. nl  

9 9 9 9 9 9 9  
2 2 2 2 2 2 2  
0 0 0 0 0 0 0  

I ? ?  
2 s :  
d o  

4 - "  

d r n  
4 0  

0 0  

? ?  
.. .. 

? ?  

. 

. 

0 



36 
cv 
rl 

3 
3 

0 
rl 

0 
0 

co 
0 
0 
0 

.. 

9 
0 

0 
0 

d 
0 

0 
0 

cu 
0 .. 

l g  

P 
Y 
0 m 
a 

m 

)r 
4 .- 
e .- 
n 

m 
0 

m 

g 
2 

a' 
E .- 

0 
0 

0 
0 

0 
0 
U 
S m 
W 
S .- 

2 
3 
m .- 
LL . 

. 



. 

0 
d- 

0 
cv 

0 
rl 

0 0 
rl 
I 

m 
0 
d 

X 
9 m 

v) 

P CL 

0 
cv 

9 
rl 

cv 
rl 

- m 
a, 
S 

.- 
U L 

- 

.- 
E 

2 m 

0 



W 
-0 
0 
E 

i m aJ z 

m 
W 

I. 



39 

. 

m 
0 
rl 

X 
0 

9 
N 

d 
N 

N 
N 

0 
N 

a3 
rl 

9 
rl 

d 
rl 

0 
rl 

ln 
Q 
L 

.- > 
5 

U .- 
0 
0 
Q) > 
- 
- m .- 
U 

5 
8 - 

Y .- 
Q 
0 
0 
Y 

m 
S 
m m 
.- 
Y 

m > - 
I 
fn 
'. 
d- 



. 

E 
0 .- e 
3 
S .- 

Y 
S 
0 
0 
v) 

v) 

m 
aJ 
=I m 

n 

I. 

L 

.- 
LL 



41 

I 0 0 / O  0 

I -- 1 

0 0 0 

I ,  





43 



44 

I I I I 

9 Y Y I I 

I I I I I 
0 (v . b. c9 9 

r: 9 
I I 

. 



. 
45 

9 

I .  

0 
0 

a 
0 0 0 0 0 

0 cu 0 0 
9 U 

0 0 0 
0 0 0 0 

U (v 0 co 
d rl rl 

0 a, 

E 
'?. .- 
E 
rc rc 
0 
I U 

% 

E e cc 

.- E 
Y 

W 
W 
u) 
P 
cd 
W 
- 
m 
S 
3 e u 

c 

0 
U 
d 

0 
(v 
rl 

0 
0 
rl 

0 co 0 
9 

0 
U 

0 cu 
00 

- 
cd 
E .- 
5 
S 
W 
5 

.- 
-a 
W 
P) 
S 

S 
e 

n z 



46 

0 0 0 0 0 0 
0 0 0 0 0 0 
U rn N d 0 a- 

0 
0 m -- 4 d d rl rl 

0 
0 
r- 

0 
0 
9 



47 

0 
0 

0 

N 
rl 

0 

0 

0 
rl 

c! 

0 

co 0 

0 

9 
c! 

0 aJ 

S 
Y? .- 
E 
c y. L 

0 
Y 
'c - 

TI aJ 
v) 
0 m 
aJ - 

0 

'p 
c! 

0 

N 
0 

L 

Y 0 
0 aJ .- e 
Y 

m 
S 
0 
m - 
u1 Y 

3 
0 
U 
3 
L 

aJ 
m 
S m 

- 

I 

0 
rl 
aJ 

m 
3 

0 
0 .. 

0 0 0 0 0 0 0 0 00 
N 0 io 9 . w  (u U N 
4 rl m m 

I I 1 I I I I I 1 
0 0 0 0 0 0 0 0 0 m 'p m 9 r- co OI 0 rl 
rl rl rl rl rl rl rl (v N 



48 
m 
0 
d 

X 

d 
‘v co 

0 0 

P I- 
p: F! 

0 0 0 0 
F! ‘v e 9 p: In In U 

0 0 

m m p: 0 
0 

cu 
c! 

0 0 0 0 0 0 
0 
d- 

0 0 0 
0 

0 
0 0 0 

N co U m m (v N N 
9 

0 0 0 0 
0 9 N co 

.-I d 

I I I I I I I I I I 



45, 

a 
f 

I C  

m 
0 
rl 

0 X 

0 0 0 0 
In h 9 

0 0 0 0 0 
d 0 Q* 43 



50 

m 



51 

0 0 0 0 0 0 0 0 0 0 
F! P; cu P; F! ?! c F! 



52 



53 



54 m 
. 

- 0  

X 
9 

d 

F 

E 

0 
0 aJ 
Y 

.9 

Y 

L 
0 
S a m - 
2 .- 
E 
0 
E 
W 
5 
5 
ct 

n m 
0 7  
E .- 
3, 

ti 

- - 
P 
E 
0 .- 
E 
W 

0 
.- 
L 

E 
n 
> 
a 

W 
-0 

f 
1. 

f! a 
IL 

b 
d 

cn .- 



55 
m 
0 
rl 

X 
9 

n! 
9 
N 

4 

I *  

b 

. 

09 
m 
N 

d: 
m 
N 

9 
m 
(v 

9 
d 
N 

N 
d 
N 

09 
m 
(v 

d 
m 
N 

0 

m 
N 

9 

N 
N 

n! 
N 

0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 

0 9 (v co d 9 (\1 a3 d 
rl rl m N (v N 

Sdj 'AV '103 101 paybar urnq SdS 

I I I I I I I I I I 
9 
0 
rl 

(\1 co 
0 QI 
rl 

I I I I I I I I 1 

s rl d rl 

0 0 0 0 0 0 0 0 
d 

0 
0 m 03 m N r- 9 VI 

rl rl ab N rl rl d 

In 
P 
L 

.- > 
Y B m 
.+I m 
h 

u 0 

aJ > 

e 
- 
- m 
aJ 
8 

.- e 
- 

0 

0 
d 

Lf! 

0 
P 
0 
d 

0 

0 
d 

c?! 

0 
0 .. 
0 
rl 

0 

m 
% 

0 

m 
cu 
co 
m 
F! 

b: 
Y? 

E 
8 .- 

& 

8' m 
L 
0 
aJ 
E .- 
.+I 

-8 
In 
P m 
al - 

- m 
8 .- 
E 
8 
a 
5 

In 
& 

t; 
P m 

f 

s 
Y aJ 
E 

P 

I 

co 
rl 



a 
'0 
. f  
Y 
Y 
.- - m 
a a m 
a 
Q 

a 

.- 
L 

- .- 
E - 
(D 
0 

=I m 
E 

VI 
- b  

m 

.- 
Y 

Y a 
r 
0 
4s 
0 

-0 

.- 

Y 

2 .- 
=I 

E 
2 
=I 
0 
S 
0 
0 

Y 

> 
> 
a 

9 

- 
a 
-0 

Y 
S m 
v) 
E 
0 

Y 

0 

OI 
ri 
aJ 

'. 

z 
ii 



57 

REFERENCES 

1. AS-504 Mission "D" Launch Vehicle Operational Trajectory.  
MSFC memo R-A~~O-rn-264-68 , December 16, 1968. 

2. Contingency Analysis Section: Operational Abort Plan f o r  t h e  
Apollo 8 Mission. MSC I N  68-FM-209, November 26, 1968. 

3. Henderson, Edward M . :  General Apollo-Saturn V CSM Launch Abort 
i 4  Analysis. MSC I N  68-FM-232, December 4, 1968. 

4. Apollo Mission Techniques Saturn V/Apollo Launch Phase Aborts, 
~' Techniques Description. MSC I N  S-PA-8T-026, October 22, 1968. 

5 .  Task Agreement Amendment f o r  Launch Phase Operational Abort 
Analysis, Amenment No. 1. MSC/TRW Task A-162, October 1, 1968. 

6. CSM/LM Spacecraft Operational Data Book, Volume I - CSM Data Book, 
Pa r t  I - Constraints and Performance. MSC I N  SNA-8-D-027 ( I )  
Rev. 1, November 1, 1968. 

7 .  CSM/LM Spacecraft Operational Data Book, Volume 111.- Mass Propert ies .  
MSC IN-SNA-8-D-027 (111) Rev. 1, November 1968. 

8. TRW Systems Multi-Vehicle N-Stage (MVNS) Dig i t a l  Computer Program. 
CDRC report 9830.4-23, August 2, 1965. 

9.  Launch Phase Fl ight  Dynamics Displays f o r  Mission D Simulations. 
MSC memo 69-rn36-5, January 13, 1969. 

10. Guidance System Operations Plan for Manned CM Earth Orbi ta l  and 
Lunar Mission Using Program COLOSSUS, Section 5 - Guidance Equations 
(Rev. 1). MIT I L  document, May 1968. 


